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ABSTRACT 
Laboratory leaching experiments were conducted to ascertain the 
effectiveness of sodium hypochlor1te solution, NaOCl, as a pretreatment 
for oxidizing the carbonaceous matter and dissolving gold from finely 
disseminated gold ores. The ores tested were from the Jerritt Canyon 
ore body (oxide, carbonaceous) in Elko County, Nevada, USA and carbo-
naceous ore from the Carlin ore body in Eureka County, Nevada, USA. 
Extractions of greater than 70 percent were attained from three 
ores using sodium hypochlorite 48 a llxiviant. When the sodium hypo-
chlorite pretreatment was followed by cyanidation, greater than 85 
pe r cent gold extractions were achieved. Gold extraction was shown to 
be dependent on sodium hypochlorite concentration, heap leach fl~wrate, 
temperature and leaching time or bed volumes. Optimum leaching condi-
tions were 10°C and below utilizing a 1.0 percent sodium hypochlorite 
solution at a flowrate of 15 gal/ft2 ·day or greater for 2 to 13 bed 
volumes depending on the effluent hypochlorlte pH and ore type. 
These observations suggest that it would be beneficial to pretreat 
the heap during the colder 1110nths with sodium hypochlorite followed by 
cyanidation during the warmer months to achieve the best gold 
extraction at the lowest chemical costs. 
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During the late 196O's the United States Bureau of Mines developed 
a gold-silver heap leaching process. In the next few years several 
cormnercial operations employed this technology with success. The heap 
leach process provides a low-capital means of processing treatable ores 
with reasonable operating costs and recovery. Present gold and silver 
prices compared to capital and operating costs favor the continued 
growth of the heap leaching method [l). 
The heap leaching process is described as the percolation leaching 
of relatively coarse gold-silver ore piled on an impervious pad. Di-
lute alkaline cyanide solution is the current and most economical lixi-
viant used for this process. However, other leaching ' lixiviants such 
as thiourea, thiosulfate, and hypochlorites have been suggested, al-
though not currently used in heap leaching practice due to high chemi-
cal costs and consumption. The ores may be mine grade in size or 
crushed as fine as 3/8 inch (1 cm). The pregnant gold-silver bearing 
solutions draining from the stacked heaps may be processed in activated 
carbon columns to recover (adsorb) the precious metals, followed by 
stripping (desorption) and recovery, or treated by the Merill-Crowe 
zinc dust precipitation method. All solutions are generally recycled 
to the leaching pile after consumed chemicals are replaced. The heap 
leaching system is relatively easy to control from the environmental 
viewpoint [1,2]. 
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Not all gold-silver ores are amenable to alkaline cyanide extrac-
tion using heap leaching or milling methods. For the ore to be 
amenable, it must possess the following characteristics [2]: 
l) The gold-silver values must react with the cyanide, either by 
exposure through the natural porosity of the ore or as a result of 
crushing to expose the gold-silver minerals. 
2) The gold must be extremely small due to slow kinetics of 
dissolution of gold by alkaline cyanide solution. 
t2 The ore must be relatively "free of cyanicides," such as partially 
oxidized sulphides of Sb, Zn, Fe, Cu, As, and other interferents 
which inhibit gold-silver solubility in the cyanide. 
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4) The ore must be relatively free of acid forming constituents that 
cause high lime consumption. 
5) The ore must not contain excessive amounts of fines or clay that 
can impede solution i>eircolation. The percolation problem may 
sometimes be eliminated by agglomeration or by other techniques. 
6) The ore must be free of carbonaceous material that can adsorb gold 
or silver cyanide complexes and cause a loss of metal values to 
the tails [1,2,3,4]. 
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There exist numerous and extensive known carbonaceous gold-
containing ore bodies from which extraction of gold is difficult and 
expensive. The gold-bearin~ sedimentary beds of northeastern Nevada, 
U.S.A. contain ore of two general types [4], as follows: 
l) Carbonaceous ore (0.25 to 0.80 percent organic carbon) and 
2) Oxidi ed noncarbonaceous ore (less than 0.25 percent organic 
carbon). 
Gold recovery from the oxidized ore is at an acceptable level, yet 
typical recoveries from the carbonaceous ores range from l to 50 
percent of total gold [5] without any oxidizing pretreatment. 
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Gold ores that are not amenable to cyanidation are classified as 
refractory. The refractory conditions may be attributed to the asso-
ciation or interlocking of the gold with pyrite and/or microcrystalline 
quartz or chert, and also by the adsorption of the leach gold-cyanide 
complex by forms of organic carbon, termed "preg-robbing" carbon [6]. 
The term "carbonaceous ore" has been defined as a refractory ore con-
taining organic carbon constituents which interact with the gold and 
111ake the ore nonamenable to conventional cyanidation processing. Hypo-
theses which concern the detrimental effects of carbonaceous material 
[3] are as follows: 
1) The adsorption of gold cyanide complex by activated carbon present 
in the ore, which results in low gold recovery [7]. 
2) The presence of long-chain, high molecular weight hydrocarbons 
that coat the surface of the gold meta l in the ore, making it 
hydrophobic and inaccessible to water and cyanide ion. 
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3) The presence of humic acid or simliar organic acid, with N, 0, and 
S func t ional groups which can chemically bond to a significant 
fraction of the dissolved gold during the oxidative dissolution 
process [4,8]. 
4) Extremely finely disseminated gold values, which are beneficial 
for rapid oxidative dissolution but are also detrimental because 
the electrostatic attraction between gold and activated carbon 
increases as particle size decreases (increase in total surface 
area). 
S) Combinations of any or all of the above. 
The dramatic increase in gold prices in the last ten years has led 
to a significant increase in gold exploration. This exploration acti-
vity has resulted not only in the development of many new conventional 
ore bodies, but also in the development of pro1ects treating more 
refractory type "Carlin" ore bodies. The latter include Newmont's 
Carlin [9] and Freeport's Jerritt Canyon [10] operations, where preoxi-
dation with chlorine is employed to deactivate the carbon. In the case 
of Carlin Gold Quarry and Jerritt Canyon, carbon-in-pulp leaching of 
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the pretreated ores, have effectively overcome the deleterious effects 
of the active carbon in the ores [11]. 
In 1968, the United States Bureau of Mines conducted an invest-
igation which reported on the use of oxidizing agents to oxidize the 
carbonaceous material before conventional cyanidation [12]. This in-
vestigation indicated that the adsorption energy of the gold cyanide 
complex should be nominal. Similarly, the energies required to break 
and rearrange typical sulfur, nitrogen, and carbonyl groups encountered 
in the long-chain organic compound should be modest [7 ] . Therefore, it 
was reasoned that mild chemical oxidation treatment would be sufficient 
to deactivate and/or oxidize the carbon and organic components in the 
ore. A process which could use either chemical oxidation by the addi-
tion of NaOCl or chlorine gas, or electrolysis of NaCl solution, was 
developed. Pilot plant studies were conducted at the Carlin mine and 
the chlorine oxidation process for their carbonaceous ore has been in 
use since the early 1970's [7, 13, 14, 15]. In the process, ore 1s 
ground to liberation size, which is between 65 and 200 mesh (212 and 75 
microns). For chemical oxidation, lime is added to the slurry to main-
tain a hi~h pH and metered amounts of NaOCl solution or chlorine gas 
are added to the slurry. Sufficient time is allowed for the hypo-
chlorite to react because any residual hypochlorite ls deleterious in 
the cyanide circuit. Any residual hypochlorite will oxidize the cyanide 
in the circuit. The oxidized slurry is then mixed with oxide ore and 
treated by conventional cyanidation methods. Oxidation pretreatment 
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process of the carbonaceous ores increased the gold recovery from about 
30 to 90 percent [16]. 
Much experimentation has been done using chlorine or hypochlorites 
as a pretreatment and/or gold llxiviant [7, 14, 15, 16, 17] for carbo-
naceous ores lo standard milling circuits. The main emphasis of this 
investigation was to study the effects of sodium hypochlorite as a 
pretreatment and/or gold lixivlant for carbonaceous gold ore heap 
leaching. For this experimental study, three different ores were 
employed: Freeport Pink (carbonaceous), Freeport Oxide, and Carlin 
Black (carbonaceous). Both the carbonaceous ores were extremely 
refractory in nature and showed excellent '"preg'" robbing capabilities. 
Test parameters were established to investigate the effects of 
variations lo sodium hypochlorite concentrations, temperature, and flow 
rate. Optimization of the overall gold extraction and sodium hypo-
chlorite consumption were the goals of the experiments. The results 
are presented herein. 
7 
THEORETICAL CONSIDERATIONS 
The destruction or complete deactivation of the organic compounds 
is a requisite for effectively extracting gold from carbonaceous ores. 
Sodium hypochlorite proved to be an effective oxidizing agent which 
reacts with the carbonaceous matter in the ore, deactivating the 
activated-type carbon and breaking hydrocarbon chains and humic acid-
type components [18]. 
When hypochlorite salts are dissolved in water and the pH is above 
four, essentially all of the dissolved salts are converted to hypo-
chlorous acid in accordance with Eqn. 1: 
+ NaOCl + H20 -> HOCl + Na + OH 
Hypochlorous acid is a weak acid (Equation 2), 
HOCl + H20 -> OCl 
having an ionization constant K • 3.0 x 10-8 , a 
K • a 
+ -(H 3o )(OCl) 
(HOCl) 




At a pH value of about 7.5, hypochlorous acid is SO percent 
ionized at 25°C [19]. Commercial sodium hypochlorite solutions are 
made by passing chlorine gas through caustic soda solutions containing 
less -than 20.S weight percent sodium hydroxide, as shown in Equation 4. 
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Cl 2 + 2NaOH --> NaOCl +NaCl+ H2o (4) 
Sodillll chloride is salted out if caustic solutions above 20 . 5 weight 
percent are completely chlorinated, accordin~ to Equation 4 [20] . The 
small amount of free caustic soda present acts to stabilize the sodium 
hypochlorlte solution. To further enhance stability, the bleach 
solution should not contain heavy metals and should be stored in the 
dark at temperatures below 30°C. Significant decomposition occurs st 
about 40°C [21,22], a ~ seen in Equation 5. 
2Na0Cl + HOCl -> NaCl0 3 + HCl + NaCl (5) 
The extraction of gold from ores by the chlorination process was 
used at the turn of the century lo Australia [23]. The soluble gold 
chlorides were adsorbed on activated carbon for recovery: however this 
process was replaced by the cheaper Merill-Crowe process. 
Nagy, Makuski e, and McCounoch [24] reported that chlorine in the 
presence of water converts gold into a water soluble, tri-chloride 
complex. This is supported thermodynamically by the Gibbs free enerzy 
of formation of the gold chloride complexes: 
Au+ l/2 Cl2 -> AuCl 6G
0
298 K • -17.6 KJ/inole (6) 
Au+ Cl 2 -> AuC1 2 6G
0
298K • -39.8 KJ/mole (7) 
Au+ 3/2 Cl 2 -> AuC1 3 6G
0
298K • -61.l KJ/mole (8) 
Zyryanov and Khlebnikova (25] arrived at a similar result by 
calculating the intrinsic free energy values for the formations of 
AuC1 2 and AuC1 3 . 
Gubeidulina and Zyryanov (26) derived a three-stage chlorination 
leaching process: 
AuCl + Cl-l < > AuCl -l (insoluble) 
2 




The gold chloride complex which is formed depends on the chlorine 
ion concentration and the pH of solution. The pH versus log [Cl-) dia-
gram shown in Figure 1 indicates the predominant areas of each ~old-
chloride species. The diagram indicates that the tetrachloro complex, 
AuCI 4-, is favored at high chlorine concentrations and has a st.ability 
value of 1026 (27], while the stability value for AuC1 2-l is much lower 
at 109 for the same chlorine concentration. The trichloro gold complex 
is formed at lower chlorine concentration from AuC1 4- as: 
(11) 
The equilibrilllll constant of the reaction (11) is 4.5 x 10-5 . 
According to Adamson (28], the basic reactions during the 
chlorination leach process are: 
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Cl 2 + 2e -> <- 2Cl (12) 
HOCl + + - - -> Cl + H2o (13) H + 2e <-
OCl - + 2H+ + 2e ---> <- Cl + H2o (14) 
The hypochlorous acid may be dissociated into H+ and OCl where the 
dissociation constant [29] of the reaction is 3 x 10-R at 25°C. Thus, 
the reduction of chlorine and hypochlorite governs the availability of 
chloride ion for the dissolution of gold. 
The rate of gold dissolution in chlorinated solutions is con-
sidered to be twice as fast as the cyanide gold dissolution [30]. Thus 
the hypochlorite leaching is beneficial in two respects : carbon deacti-
vation and gold leaching. 
METHODS AND MATERIALS 
ORE MATERIALS 
The Carlin and Jerritt Canyon deposits are comprised of geneti-
cally similar type ores, characterized by the following features: 
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A metallic mineral collection consisting of metallic gold, 
realgar, cinnabar, stibnite, pyrite, and some arsenopyrite or 
native arsenic. The clay mineral collection consists of mont-
morillonite, kaolinite, and illite or sericite. Alteration was 
chiefly in the form of argillitization and silicification. Sili-
cification occurs in the form of miscocrystalline quartz, cherts 
and chalcedony. The principal gangue minerals include micro-
crystalline quartz, clays, calcite and carbonaceous matter. [6) 
The microscopic to submicroscopic high fineness gold (low silver 
content) at the Carlin and Freeport-McMoran (FMC) Jerritt Canyon 
deposits occur as shallow, low-temperature epithermal deposits where 
vein development is hardly recognizable and ore minerals are finely 
disseminated in replacement bodies in calceous or silty sediments [6]. 
Jerritt Canyon Ores 
Two types of FMC gold ores were used for the majority of the 
experimentation. These ~res were classified by their refractory 
nature, Oxide and Pink, where the Pink is extremely refractory. The 
FMC Jerritt Canyon ore body lies in the Independence mountain range in 
northeast Nevada, some 60 miles north of Elko, Nevada, U.S.A. The ore 
itself is a finely-disseminated gold-bearing ore of the "Carlin" type 
as described earlier. 
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The FMC ores, as received, were crushed to minus 6 inch. Both 
ores were crushed with 4 x 6 inch Mine & Smelter Supply Company jaw 
crusher and 6 inch Mine & Smelter Supply Company crushing rolls. The 
size reduction produced two different size column ores: -1/4 inch and 
-10 mesh. The crushed ores were thoroughly blended by the cone and 
quarter technique. Head samples were taken by using a riffle-type 
splitter box. Some of the -10 mesh ore was pulverized by Braun Type- UA 
pulverizer for bottle roll and vat leaching studies. A screen analysis 
of the column ore (-1/4 inch, -10 mesh) and the pulverized ore are 
given in the Tables V, VI, and IV respectively . 
..» Oxide Ore 
The Oxide ore i~ readily amenable to cyanidation and it is not 
classified as a refractory ore. The optical mineralogy study, done by 
Dr. Hsu of the Nevada Bureau of Mines, showed the following: 
"Fragments of dark silicified rock (mostly fine-grained 
quartz) with local vuggy quartz veinlets (white). No visible 
sulfide minerals. Also some fragments of dark, impure lime-
s tone with local white calcite veinle ts are mixed." 
The X~Ray powder diffraction study shows that the Oxide ore is 
composed mai~ly of quartz, with calcite as a minor component plus minor 
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amounts of unidentifiable phases. An Inductively Coupled Plasma 
analysis was done by the United States Bureau of Mines (U.S . B.M.), Reno 
Research Center, and is presented in Table VIII. The ore contains 7.84 
grams of gold per avdp.ton (0.252 troy oz. Au/avdp.ton) as determined 
by fire assay techniques. The "preg" rob tea ts, as described in the 
testing procedures, showed no refractory effects. 
Pink Ore 
The Pink ore is not amenable to cyanidation and thus is classified 
as a refractory ore. The optical mineralogy study, done by Dr. Hsu of 
the Nevada Bureau of Hines, showed the following: 
"Fragments of dark, impure limestone with minor amounts 
of fine-grained pyrite and local white calcite veinlets ... 
The X-ray powder diffraction study shows that the Pink ore is 
composed mainly of quartz with less dolomite plus minor amounts of 
calcite and kaolinite. An Inductively Coupled Plasma analysis was done 
by U.S.B.H. and is presented in Table VIII. The Pink ore contains 
12.41 grams of gold per avdp.ton (0.399 troy oz. Au/avdp.ton) as 
determined by standard fire assay technique. The '"preg" rob tests 
showed that the Pink ore is extremely refractory in nature because it 
completely adsorbs the gold-cyanide complex from standard solution. 
The U.S.B.H. also provided total carbon and organic carbon analyses 
which were 4.87 percent and 2.50 percent respectively. 
\ 
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Carlin Black Ore 
The extraction testwork was extended to a carbonaceous gold ore 
from the well-known Carlin Gold Mine in northern Eureka County, north-
eastern Nevada , U. S.A . The sample of ore was representative of the 
Black carbonaceous gold ore found in several zones of the ore body . 
The Carlin Black ore was collected from the minus 4 inch crushed feed 
stockpile. The ore was crushed, pulverized and blended in the same 
manner as the FMC ores. Screen analyses of the - 1/4 inch column and 
pulverized ores are presented in Tables VII and IV respectively. The 
Carlin Black ore is very refractory and is not amenable to cyanidation. 
The presence of activated carbon and other long-chained, hydrocarbon-
type compounds resul ts in the adverse effects on cyanide processing by 
adsorbing the gold-cyanide complex ion , with an ultimate loss of the 
gold to the solid tailings [7,13] . The X-ray powder diffra ~tion study 
shows that the Black ore is composed mainly of quartz with much less 
dolomite, with kaolinite and iron oxide as minor components. Roasting 
the ore at 600°C for l hour decreased the amounts of every mineral 
component except quartz [3]. The U.S.B.M. provided Inductively Coupled 
Plasma analyses as shown in Table VIII. Total and organic carbon 
analyses, provided by the U.S.B.M., were 2.63 percent and 1.50 percent 
respectively. The Black ore contains 8.305 grams of gold per avdp.ton 
(0.267 troy oz. Au/avdp.ton) as determined by fire assay technique. 
The "preg" rob tests showed that 85.63 percent of the gold-cyanide 
complex was removed from the standard Au solution. 
ANALYTICAL METHODS 
Gold 
1. Solid Samples 
15 
Standard fire assay techniques [31) were employed to determine the 
gold content of the head and tailing samples. A modified silica flux 
was employed and its composition is presented in Table IX. 
2. Liquid Samples 
Filtrate samples from the sodium hypochlorite and cyanide tests 
were analyzed using a Perkin-Elmer 2280 atomic absorption spectro-
photometer and followed the standard practices recommended in the 
Perkin-Elmer's manual [32). The sodium hypochlorite filtrate had to be 
corrected for absorbance due to varying levels of hypochlorite. A 
series of sodium hypochlorite standards were used to plot a ~raph of 
absorbance versus ml sodium thiosulfate titrated . From the graph, a 
correction factor was used to determine the actual gold absorbance as 
shown in the following equation: 
ABSAu • ABSTotal - ABSNaOCl 
3. Activated Carbon Samples 
Standard fire assay techniques [33) were employed to determine the 
gold content of the activated carbon from the cyanide column tests. A 
carbon flux was employed and its composition is presented in Table IX. 
Free Cyanide 
The concentration of free cyanide in solution was determined by 
titration with a O.OlN silver nitrate solution using para-dimethyl-
amine-benzylidene rhodanine as an indicator (34). 
Hypochlori te 
The concentration of hypochlorite in solution was determined by 
titration with a O.lN sodium thiosulfate solution using potato starch 
as an indicator (35). It should be noted that all hypochlorite 
concentrations were reported in terms of chlorine concentrations. 
pH Measurements 
The pH values of the filtrate solutions were measured using a 
Corning Model 7 pH meter with dual electrodes. 
TESTING PROCEDURES 
Cyanidation Bottle Roll Tests 
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All of the cyanidation tests were conducted at room temperature 
(23°C) using the standard bottle roll technique. The tests were 
designed to provide a standard gold recovery -w.ith which to compare the 
sodium hypochlorite pretreatment test results. In this method 100 
grams of ore were placed in a I-liter polyethylene bottle. To the 
bottle were added 200 ml of distilled water, adjusted to a pH of 10.8 
with NaOH, and a predetermined amount of sodium cyanide. The bottle 
was then capped and placed on a rolling mill for agitation at approxi-
mately 157 rpm for twenty-four hours. At the end of the test period, 
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the contents of the bottle were filtered on a 11.0 cm diameter Coors 
porcelain funnel for liquid-solid separation. The cyanide filtrate was 
analyzed for residual free cyanide and the pH was measured. The filter 
cake was washed with approximately 500 ml of distilled water and dried 
in a drying oven overnight. The tailing was then pulverized and 
analyzed by fire assay. The analyses were then used to determine the 
gold extraction and chemical consumptions. 
Sodium Hypochlorite Bottle Roll Tests 
The sodium hypochlorite tests were conducted at room temperature 
(23°C) using the Bottle Roll Technique to investigate the effect of 
leaching time on the overall gold extraction and sodium hypochlorite 
consumption. This method was basically the same as that for the cyani-
dation bottle roll testing. For the sodium hypochlorite tests, 100 
grams of ore and 200 ml of 5.25 percent sodium hypochlorite (household 
bleach) were placed in a I-liter polyethelene bottle. The bottle was 
capped and then placed on the rolling mill for a predetermined length 
of time. The liquid-solid separation was then performed as in the 
cyanidation tests. The hypochlorite filtrate was analyzed for gold and 
residual sodium hypochlorite. These analyses were then used to deter-
mine the gold extraction and the sodium hypochlorite consumption. Some 
of the hypochlorite bottle roll filter cakes were then washed with 500 
ml distilled water using a 11.0 cm diameter Coors porcelain funnel for 
solid-liquid separation and dried overnight for further cyanidation 
bottle testing and fire assaying. These further cyanide tests were 
used to determine total gold extraction (sodium hypochlorite gold 
extraction plus sodium cyanide gold extraction) from the gold ores. 
The analyses were used to ascertain gold extraction and check the 
material balances. 
Sodium Hypochlorite Temperature Shaker Bath Tests 
Variations in temperature were investigated to determine their 
effec ts on gold extraction and sodium hypochlorite consumption. The 
testing apparatus consisted of two insulated metal boxes ( 18" x 20" x 
18") each containing six 500 ml flat bottom flasks attached to a 
Burrell Wrist Action Shaker, which was set at a setting of two. 
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Cooling or heating water was pumped through each box by its own Forma 
Scientific Circulating Bath. The circulating bath could maintain the 
predetermined temperature within 0.1°C and had a temperature range of 
2°C to 45°C. The flasks were each charged with 100 grams of ore and 
200 ml of 5.25 percent sodium hypochlorite (household bleach) and 
capped with one hole glass tube stoppers. The capped flasks were then 
clamped into place in the circulating boxes and shaken for a predeter-
mined amount of time. Liquid-solid separation was done as described in 
the cyanidation bottle roll tests. The filtrate was analyzed for gold 
extraction and sodium hypochlorite consumption. 
Preg Rob Bottle Roll Tests 
A pregnant gold cyanide/caustic solution was used to determine the 
refractory nature of the ore. If the ore contains carbonaceous 
material, all or part of the gold cyanide complex will be absorbed 





grams of ore and 200 ml of 1.8 ppm gold standard (lg/1 NaCN, pH= 10.8) 
were placed in a I-liter polyethlyene bottle. The bottle was capped 
and placed on the rolling mill for thirty minutes. The slurry was 
filtered as described for the cyanidation bottle roll test. The 
filtrate was analyzed by A.A. to determine the preg robbing ability of 
the or e. 
Cyanide Heap Leach Column Tests 
Standard cyanide column tests were conducted to determine a 
standard gold recovery with which to compare the sodium hypochlorite 
pretreatment/cyanide column test. Testing apparatus consisted of a 
six-foot long plastic or glass tube with an inside diatmeter of 3.5 to 
4 inches, respectively. The column was charged with a weighed amount 
of dried ore. Column effluent was filtered through a layer of glass 
wool in the bottom of the column to prevent particle migration. Then 
the cyanide effluent percolated through an activated carbon column 
which was loaded with an average charge of 30 grams 8-16 mesh activated 
carbon which was changed at a predetermined time. Cyanide/caustic 
solution effluent was analysed for free cyanide and pH then readjusted 
to initial test concentrations. A Master Flex pump and controller 
employing a 7014 pump head recylced the adjusted cyanide solution. The 
loaded activated carbon was fire assayed to determine gold extraction 
percentages per unit time. 
assaying the cyanided tails. 
Material balances were checked by fire 
__,/" 
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Sodium Hypochlorite Heap Leach Column Tests 
Standard column tests were employed to investigate the effects of 
sodium hypochlorite concentrations, heap leach flowrates and tempera-
ture on gold extraction and deactivation of the activated carbon in the 
ore. The hypochlorite column test equipment was the same as the 
cyanide column tes t s. Three of the six foot long plastic columns had 
five foot plastic water jackets around them. Each of these columns had 
its own Forma Scientific Circulating Bath, which was capable of cooling 
or heatl!ng (2°C-45°C) the ore wi thin the column, depending on test con-
ditions. For the sodium hypochlorite tests, the effluent stream was 
monitored daily for hypochlorite concentration, pH, gold concentration 
by AA and flowrate. Hypochlorite pretreatment cutoff was dependent on 
a 50 percent chlorine total head concentration ou t of the column's 
effluent. 
Column tails were fire assayed unless cyanidation followed. If 
cyanidation was to follow, some of the column tests were flushed with a 
.-' 
10.5 pH l ime solution to raise the column pH and remove any residue 
hypochlorite from the heap. Analyses were used to ascertain gold 
extraction, hypochlorite consumption and to check the material balance. 
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RESULTS 
FREEPORT OXIDE ORE 
Cyanida tion 
Several 24-hour bottle roll cyanidation tests were conducted to 
determine the maximum gold extraction and chemical consumptions . It 
was determined that 0.5 g/1 sodium cyanide solution at pH= 10.6 pro-
duced the hi ghest extraction at 63.4 percent. Sodium cyanide and 
sodium hydroxide consumptions were 0.25 and 0.10 lb/ton, respectively. 
These cyanidation bottle roll tests were used as a "standard" extrac-
tion with which to compare sodium hypochlorite leaching test results . 
Two cyanidation column tests were conducted at 10°C to give a 
"standard" extraction to compare with the sodium hypochlori te column 
tests. These two cyanidation column test results are presented in 
Table I. The Freeport Oxide (-10 mesh) Test 2 yielded an overall 
extraction of 60.78 percent with sodium cyanide and sodium hydroxide 
consumptions at 0.41 and 0.06 lbs/ton, respectively. The average heap 
leach flowrate was 7.35 gal/ft2,day for a thirty day leaching period. 
Sodium Hypochlorite 
Numerous hypochlorite column leach tests were conducted to deter-
mine the effects of the parameters on gold extraction and reagent con-
sumption. Table I presents the results of the sodium hypochlorite/ 
cyanidation column leaching tests. These results include concentration 




bed volumes, days leached, and percent gold extraction by both cyanide 
and hypochlorite, as well as leaching temperature if not at room 
temperature. Some of these results are also presented in graphical 
form in Figures 2, 3, and 4. Figure 2 shows a comparison of both 
temperature and sodium hypochlorite concentration effects. Figure 3 is 
a compar i son between cyanide and hypochlorite/cyanide leaching at lower 
temperatures (10°C) . Figure 4 shows the effect of heap leach flowrates 
using hypochlorite as a lixiviant. 
As indicated in Table I, Test 6 showed a 46 percent gold extrac-
tion in 4 days with a chlorine usage of 17.25 lbs/ton. This test was 
conducted at 10°C withal percent hypochlorite solution at flowrate of 
23.44 gal/ft2oday with a total solution throughput of 2.1 bed volumes. 
The column was flushed with a 10.5 pH lime solution for several days 
before post cyanidation. Cyanidation extracted an additional 47.6 
percent over a twenty day leaching period. Combined hypochlorite/ 
cyanide gold extraction of 93 . 7 percent were attained in 27 days. 
FREEPORT PINK ORE 
Cyanidation 
Several cyanidation bottle roll tests were conducted on the Free-
port Pink carbonaceous ore. Ore samples were leached for 24 hours at 
23°C using 0.5-2.0 g/1 sodium cyanide solution at pH• 10.6 with an 
average extraction of 2.37 percent. A 0.5 g/1 sodium cyanide solution 
at a pH of 10.6 produced the highest gold extraction which was 5.2 
percent. The chemical consumption for the cyanide and sodium hydroxide 
was 0.83 and 0.10 lbs/ton, respectively. A "preg robbing" test 
resulted in the complete adsorption of gold cyanide standard. This 
behavior is typical of ores containing activated carbon materials. 
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Two standard cyanidation column tests were also conducted to 
establish a baseline as a comparison for the hypochlorite pretreatment. 
These tests yielded an average gold extraction of 1.7 percent at l0°C. 
The results for these tests are presented in Table II. 
Sodium Hypochlorite 
Several column leaching tests were conducted to determine the 
effect of hypochlorite with respect to the activated carbon and as a 
gold lixiviant. Table II presents the results of the conducted heap 
leach tests with their experimental test parameters. Some df the 
heap leach tests are also presented in a graphical form, as shown in 
Figures 5, 6, 7 and 8. Figure 5 shows the effects of gold extraction 
on the vat ore using both bottle rolls and temperature shaker bath 
techniques as described earlier. Figure 6 compares the gold extraction 
between cyanide and hypochlorite. This clearly shows that sodium hypo-
chlorite is both effective in destroying the activated carbon and 
leaching the gold from the host rock. Figure 7 shows the effect of 
heap leach flowrates on the extraction of gold. The faster flowrates 
appear to increase the gold extraction. Figure 8 shows the effect of 
step concentration changes within the column. It can be seen that 
increased hypochlorite concentrations also increase the gold 
extraction. 
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Test 6 showed a 69.7 percent gold extraction in 27 days using a 
1.0 percent sodium hypochlorite leaching solution at a flowrate of 
15.87 gal/ft2.day. The test was conducted at 10°C to reduce hypo-
chlorite consumption, which was 157.l lbs/ton with a solution through-
put of 13.5 bed volumes. Post cyanidation tests indicate additional 30 
percen t gold extraction can be achieved. Total gold extraction with 
hypochlorite as a pretreatment followed by standard cyanidation 
approached 85 plus percent extraction. 
CARLIN BLACK ORE 
Cyanidation 
Several bottle roll leaching tests with varying sodium cyanide 
concentrations showed little or no gold extrac ti on. The "preg rob" 
tests showed that 85.6 percent of gold cyanide was adsorbed. Cyani-
dation of a sample of Carlin Black ore, which was roasted at 600°C for 
one hour, resulted in a gold extraction of 87 percent. No cyanide 
column tests were conducted because the standard base line extraction 
was established from the bottle roll tests at O percent. 
Sodium Hypochlorite 
Three sodium hypochlorite column leaching tests were conducted 
using different concentrations of the hypochlorite. The results are 
presented in Table III, which shows the experimental parameters. 
Figure 9 shows the effects of temperature on gold leaching for the vat 
ore. The higher leaching temperature provided the faster gold extrac-
tion and higher hypochlorite consumptions due to side reactions and 
decomposition. Figure 10 shows the effect of the hypochlorite 
concentration on the extraction of gold during heap leaching. 
Although experimental work was limited on the Carlin Black ore, 
test results indicate 85.8 percent gold extraction from Test 2 in 10 
days with a 3 percent sodium hypochlorite leaching solution. The 
2 leaching solution flowrate was 19.80 gal/ft day with a solution 
throughput of 6.97 bed volumes consuming 242 lbs/ton of chlorine. 
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The bottle roll cyanidation test results on the Oxide ore indicate 
that cyanide l eaching will yield a 60-plus percent extraction even at 
short leaching times . The "preg robbing" test showed a 40 percent 
extraction in 30 minute s . 
The heap leach column cyanidation test results on the Oxide ore 
also indicate that cyanide leaching will yield a 60 percent extraction 
on the -10 mesh ore at a leaching temperature of 10°C. Although 
extensive test work was not conducted on the cyanidat ion aspect, it is 
noted that extractions approaching 70-plus percent were not attained 
with cyanide alone during the 30 day leaching period. 
It should be noted that the difference between overall gold 
/--
'--.___........../ extractions in Tests 1 and 2, is due to not maintaining pH or cyanide 
concentration on effluent recycled leaching solution for the first 
seven days in Test 1. This showed that cyanide gold extrations are pH 
and cyanide concentration dependent. 
Sodium Hypochlorite 
The results given in Table I reveal that sodium hypochlorite can 
achieve gold extractions of 65 to 80 percent depending on leaching 
time, sodium hypochlorite concentrations and heap leach flowrates. It 
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should also be noted that precyanided ore from Test 2 was post treated 
with sodium hypochlorite, which achieved an additional 30 percent 
extraction in 7 days with an overall total extraction of 90 percent. 
Test 5 shows that using a 1.0 percent sodium hypochlorite pretreatment 
leaching solution can achieve a gold extraction of 64 percent in 7 days 
with an additional 26 percent gold extraction using cyanide. It can be 
concluded that an overall extraction of 90 percent can be achieved by a 
cyanide pretreatment or a sodium hypochlorite pretreatment, followed by 
the other lixiviant. Tests 3 through 6 support this conclusion with an 
average gold extraction of 90.6 percent using sodium hypochlorite as a 
pretreatment followed by cyanide. The post cyanide extractions of 
Tests 4-6 reveal that an average extraction of 87.5 percent of the 
total gold cyanide extraction occur within 2 days. This suggests that 
the gold being dissolved is an alkaline water or hypochlorite insoluble 
gold chloride complex, which is readily oxidized by the cyanide leach 
solution. This is supported by Test 6, which shows that flushing the 
column with a calcium oxide solution at pH of 10.6 did not dissolve the 
gold complex and the hypochlorite pretreatment solution does not 
dissolve this complex once it is formed. Gubeidulina and Zyryanov (26] 
suggest an insoluble AuCl layer is formed on the metallic gold surface 
during the hypochlorite dissolution process. The insoluble gold 
chloride complex coating on metallic gold would explain the retardation 
during the hypochlorite leaching and a rapid cyanide dissolution. 
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Gold extraction is a function of sodium hypochlorite concentration 
and temperature as evidenced by the data in Table I and Figure 2. For 
Tests 4, 5, and 6 the pretreatment temperatures were 30, 23 and 10°C, 
respectively. These tests show that the higher the reaction tempera-
ture, the higher the gold extraction, as well as the higher the hypo-
chlorite chemical consumption due to decomposition and side reactions. 
These side reactions include the oxidation of the activated carbon, 
metallic and sulfur minerals, and any precious metals. At higher 
temperatures hypochlorite solutions decompose to form chlorate ions 
(21, 22] which impair gold extractions. Figure 2 shows that the higher 
the sodium hypochlorite concentration and temperature, the higher the 
gold extraction within a shorter leaching period. Test 9 achieved 77.6 
percent extraction in 3 days versus Test 6's 42.8 percent extraction 
but the hypochlorite consumption was 8.3 times higher for Test 9. 
Hizogucki and Habash! [36] suggest that the dissolution process is 
primarily diffusion controlled. 
6. 
Figure 3 graphically shows the extraction curves for Tests 2 and 
The leaching temperatures for pretreatment of Test 6 and the cynai-
dation of Test 2 were 10°c. The post-cyanidation of Test 6 was at 
room temperature (23°C). This figure confirms that the reaction rate 
for the dissolution of gold is faster for sodium hypochlorite than 
sodium cyanide. The combined hypochlorite pretreatment/cyanidation of 
Test 6 ·achieved a 91.7 percent extraction versus 60.8 percent extrac-
tion for Test 2. Test 6 was pretreated with a 1 percent hypochlorite 
solution for 3 days and allowed to drain for 5 days. The pretreatment 
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extracted 43 percent. Then the column was flushed with a 10.5 pH lime 
solution for 5 days with a 3.4 percent gold removal during the first 
day. Post cyanidation followed for twenty days, which achieved an 
additional 47.6 percent extraction. Studying Figure 4 shows a point of 
inflection at day 4, which is caused by the application of post 
cyanidation, which caused rapid dissolution of gold chloride/gold 
complex. 
Some of the leach column tests were flushed with a lime solution 
at a pH of 10.5 to insure complete removal of any residual hypochlorite 
and to raise the heap leach bed pH to insure no cyanide off gasing. 
Any residual hypochlorite will oxidize cyanide, causing an increase in 
chemical consumption. Hypochlorite solution effluent pH's were typi-
, 
cally around 9. It was felt that by flushing with a 10.5 pH lime solu-
tion, the heap leach pH could be raised, which it was. However this 
proved to be costly and not effectiv~. Once the hypochlorite pretreat-
1 
ment is stopped, the heap should be allowed to drain for several days 
to insure complete destruction of the hypochlorite through various 
oxidation side reactions with ore minerals. The post cyanidation 
solution pH should be initially kept at 11.5 to 12.0 until the cyanide 
effluent pH raises above a pH of 10, then the cyanide solution 
pH should be adjusted to a pH of 10.5. This will insure no excessive 
cyanide off gasing within the heap. 
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Figure 4 and Table I show that gold extraction and chemical con-
sumption of sodium hypocholorite i s a function of flowrate . Tests 9 
and 10 had gold extractions of 3.3 and 59.3 percent in 1 day, respec-
tively. Test 10 also had a much lower sodium hypochlorite consumption 
by a factor of 2 and a higher heap leach flowrate of 22.16 gal/ft2·day 
ve r sus 16.35 ga/ft2 ·day of Test 9's. In Figure 4, the initial curves 
for both tests are plotted from the daily total percent gold extracted 
and are not different kinetic reaction orders, but are of the same 
order. The initial curve f or Test 10 might not have inflected at the 
second day if the total hypochlorite effluent volume for firs t day had 
been 6 liters, the normal flowrate, instead of 3 liters. 
In terms of chemical costs and gold recovery , hypochlorite/cyanide 
bottle roll test on the Freeport Oxide vat ore showed that pret~eatment 
with hypochlorite, followed by post cyanidation could recover 13 
pe r cent and 75 percent, respectively for a total 88 percent recovery 
with a 48 hour roll time for the pretreatment. The chemical consump-
tion was 74 lbs c1 2/ton and 0.54 lbs NaCN/ton. The difference between 
the standard cyanidation and pretreatment was an added 24 percent in 
gold recoveries at an added extra chemical consumption of 74 lbs 
Cl 2/ton and 0.29 lbs NaCN/ton . This extra chemical cost may not be 
off set the additional gold recovered. The hypochlorite/cyanide bottle 
roll showed no benefit over the column tests. In fact, heap leach Test 
5 had lower chemical consumptions (36.5 lbs c1 2/ton and 0.24 lbs 
NaCN/ton) at slightly higher gold recoveries . The difference in chemi-
cal costs and operational costs of milling versus heap leaching sug-
\ 
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gests that heap leaching is more economical in both capital and 
leaching costs, although this is dependent upon the nature of the gold 
bearing ore and porosity. Host heap leach operations do not crush the 
ore this fine unless they agglomerate. The agglomeration step would be 
beneficial because it would allow direct hypochlorite contact spraying 
the ore before being stacked in the heap. This might also reduce 
chemical costs. 
In general, pretreatment with sodium hypochlorite followed by post 
cyanidation or vice versa can produce gold extractions of 90-plus 
percent on the relatively finely crushed oxide gold ores. It should be 
noted that sodium hypochlorite pretreatment followed by cyanidation can 
achieve gold extraction of 85 percent within 7 days. This includes one 
day for drainage and consumpton of the hypochlorite within the heap 
before cyanide is applied. The faster gold extractions are attributed 
to the hypochlorite gold dissolution kinetics and the readily formed 
cyanide soluble gold chloride complex that remains after pretreatment. 
Gold extractions for heap Tests 7, 8, 9, and 10 showed an average 
74 percent hypochlorite extraction in 4 days. Oxide bottle roll tests 
showed a 64 percent hypochlorite extraction in 2 days and 65.5 percent 
hypochlorite extraction in 3 days. This shows hypochlorite gold 
extraction rates for milling and heap leaching are comparable, which 
might suggest gold-chloride passive gold coating being formed [26), 
which retards the dissolution process or a chlorate ion retarding the 
gold-chloride reaction occurring in the closed rolling bottles. The 
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author believes that these retardation reactions occur in the heap but 
these effects are reduced by a flushing action of the hypochlorite 
leach solution and the continual replacement of the spent hypochlorite 
ion. 
FREEPORT PINK ORE 
Cyanidation 
Cyanidation of gold ore containing activated carbon species and 
hydrocarbon chains are notoriously ineffective unless prior oxidation 
treatment is employed. The preferred method at the present time is the 
use of chlorine to effect oxidation of the carbonaceous materials via 
the hypochlorite ion, thus eliminating the deleterious effects of these 
species. Extraction values of 90-pius percent have been reported using 
r 
this technique at both Newmont and Freeport gold mines. Another very 
effective (but expensive) pre-treatment method is roasting the ore to 
provide thermal oxidation of the carbonaceous matter. Gold extractions 
from the Pink ores using cyanide averaged 2.4 percent for the bottle 
roll tests. The "preg rob'" test showed complete adsorption of the gold 
oaded cyanide solution. The Pink ore is considered to be extremely 
refractory in nature and contains 2.5 percent organic carbon. 
Cyanide column leach tests showed that cyanide alone was 
ineffetive for gold recoveries from this ore. The average gold 
extraction was 1.7 percent at 10°C with chemical consumptions of 0.5 




Gold extraction using sodium hypochlorite as a lixiviant and as 
pretreatment proved to be very effective. Gold recoveries of 70-plus 
percent were achieved with sodium hypochlorite and 90-plus percent with 
hypochlorite pretreatment followed by cyanidation. 
Using sodium hypochlorite as a gold lixiviant proved to be 
temperature dependent as is shown in Figure S. The higher leaching 
temperatures provided the faster gold extractions. ---~t 36°C the maximum 
gold extraction was 72.6 percent after S hours whereas at 2°C maximum 
gold extraction was approximately the same but took 2 days. It was 
observed that once maximum gold extractions were achieved the soluble 
gold chloride precipitated out of solution as an insoluble gold 
chloride complex as can be seen by the extraction curve at 23°C. This 
occurrence happens when 95-plus percent of the hypochlorite is consumed 
by various reactions or decomposition. This maximum point of extrac-
tion and its turning point seemed to also occur at the lowest pH before 
it started to rise. The extraction tests for 36°C and 2°C were only 
carried out only to determine maximum gold extractions, which seemed to 
occur at the same point where no hypochlorite concentration remained as 
determined from the test at 23°C. The decomposition side reaction of 
the hypochlorite forms chlorate ~ s, which are a poor carrier for the 
gold chloride complexes. The lower the leaching temperature, the 
longer it took to achieve the same extraction but at a lower hypo-
chlorite consumption. To achieve a 60 percent extraction at 23°C it 
took 6 hours at a hypochlorite consumption of 215 lbs c1 2/ton while at 
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2°C it took l day and 161 lbs c1 2/ton. Maximum gold extraction and 
hypochlorite consumption were nearly identical for the three leaching 
temperatures except for the rate of extraction. The Freeport Pink vat 
ore requ i red at least 200 lbs Cl 2/ton and 0.50 lbs NaCN/ton to achieve 
a 90-plus percent extraction at 23°C with a hypochlorite leaching time 
of 2 hours. At the end of the 24 hour hypochlorite leaching at 23°C, 
only 16 percent remained as a soluble gold chloride complex, with an 
additional 24 hour post cyanidation treatment, additional 83 percent 
was recovered. 
Figure 6 shows the extraction curves for Tests lb and 6b at a 
temperature of 10°C. As is graphically shown, the cyanidation of the 
Pink ore only shows an extraction of 2.60 percent after 30 days, 
whereas sodi um hypochlorite achieved a 70 percent extraction in the 
same period, as shown in Table II. Chemical consumption of the hypo-
chlorite was 157 lbs c1 2/ton of ore, which is considerably more costly 
than for cyanide/hydroxide extractions. The hypochlorite consumption 
_....,.---- is lower than that of the vat ore bottle roll tea ts and achieves the 
same percentage of gold extraction. However the hypochlorite does 
achieve a reasonable gold extraction of 70-plus percent with an 
additional 20-plus percent extraction from a post lime solution 
flushing. Test 6b was flushed with 6.6 bed volumes of 10.5 pH lime 
solution that achieved an additional 20 percent gold extraction. 
Current milling technique at FMC Jerritt Canyon consumes 70-100 lbs 
Cl 2/ton of ore as destructive pretreatment before the leaching 
carbon-in-pulp (CIP) circuit. 
.,, 
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Test 6b did show that flushing the heap with a 10.S pH lime 
solution would redissolve the hypochlorite insoluble gold chloride 
complex but this speculation , because the Oxide heap leach Test 6 did 
not exhibit this lime extraction trend. Several Pink and Oxide column 
tests were flushed with lime solution but only Oxide Test 6 and Pink 
Text 6b solution effluent were analyzed for gold. Further tests should 
be done on this aspect. For every liter of lime solution through the 
column an average of 0.36 percent of the lime soluble gold-chloride was 
extracted with an average effluent pH of 8.2. During the lime flushing 
of the Pink or Oxide ore, most of any residual hypochlorite was removed 
in the first day. Even if this lime releaching speculation is true, 
the dissolution is no t as fast as post cyanidation. The author feels 
that the best post treatment would be wi th a cyanidation treatment 
after the heap is allowed to remain idle for a few days. This will 
allow the residue hypochlorite to react within the heap. Test Sb post 
cyanidation treatment extracted 96 percent of cyanide extractable gold 
within 7 days of the total 20 days of leaching after being idle for 
twenty days. The idle period for the heap will have to be determined 
for each ore. 
Chemical consumption and gold extraction by sodium hypochlorite is 
also a function of flowrate as can be seen in Figure 7 and Table II. 
The faster the flowrate of hypochlorite solution the quicker the disso-
lution of gold and the lower the overall chemical consumption. The 
reason for a faster gold extraction rate is due to a higher level of 
chloride ions in the leaching solution and quicker removal of the gold 
chloride complex from the heap before precipitation can occur or the 
passive gold chloride coating being formed as suggested [26). The 
lower chemical consumption is also due to the faster flowrate through 
the heap before side reactions and possible decomposition can occur. 
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The crushed size of the gold ore will also affect the percentage 
of gold extracted and the consumption of hypochlorite . The finer 
crushed ore will have a larger surface area and hence a greater amount 
of oxidizable material , which will increase both chemical consumptions 
and overal l gold extractions. This thesis did not address the optimum 
crushed ore size to minimize the hypochlorite consumption and 
maximizing gold extractions. 
Sodium hypochlorite concentrations can affect gold extractions as 
well, as shown in Figure 8 and Table II. Fi~ure 8 shows the concen-
tration step changes of 1.0, 3 . 0, and 5.25 percent for the leaching 
hypochlorite solutions. The higher the concentration of sodium hypo-
chlorite, the faster the gold extraction as can be seen in Figure 8. 
This follows a stated axiom, that the more energy put into a system the 
greater the extraction. 
Test 9b was one column of ore that was leached 15 days with a 1.0 
percent hypochlorite solution, followed by 22 days leaching at 3.0 
percent hypochlorite solution, followed by another 18 days leaching at 
5.25 percent hypochlorite solution. This test was done to show the 
effects of sodium hypochlorite concentration step changes while trying 
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to maintain the same flowrate . The concentration step changes do show 
a corresponding extraction step change. Although the gold extraction 
percentages do rise, so do the hypochlorite consumptions, as can be 
seen by the test results in Table II. The column was allowed to drain 
before the concentration step change was made. 
Gold extractions using milling techniques incorporating 
hypochlorite/cyanide are faster but the capital and operating costs may 
not offset those similar costs of a heap leach operation and the 
recoveries may not be much greater. Hypochlorite/cyanide bottle ro l l 
tests indicate the best gold extractions occur with 2 . 0 hours of 
leaching with hypochlorite, which consumes 206 lbs c1 2/ton followed by 
24 hours agitated leaching with cyanide that consumed an additional 0.5 
lbs NaCN/ton with a total gold recovery of 90-plus percent. Heap leach 
Test 6b consumed 157 lbs Cl 2/ton in 29 days, while 70 percent of the 
gold was recovered. This result is similar to Test Sb except for 
higher hypochlorite consumption due to higher temperatures. Test Sb 
did show total combined gold extractions of 92 . 5 percent (as determined 
by fire assay) with 0.27 lbs NaCN/ton being consumed in the post 
cyanidation treatment. 
The Freeport Pink ore shows a similar trend, as did the Oxide ore 
in that the 111&ximum gold extraction occurs at the lowest pH before it 
starts to rise again. If this principal ls applied to Test Sb and Test 
6b, the sodium hypochlorite consumption could be greatly reduced with 
no overall decline in total gold extractions. If the pretreatment was 
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stopped the 15th and 9th days of Test 6b and Test Sb , respectively, 
sodium hypochlorite consumpt i on (reported as chlorine) would be reduced 
to 100.3 lbs c1 2/ton and 244.4 lbs c1 2/ton respectively. Thus the best 
gold extractions for the heap would be 90-plus percent in 15 days 
p~ reatment leaching, followed by 20 days post cyanide treatment 
leaching, with 114 lbs Cl 2/ton and 0.30 lbs NaCN being consumed. 
Combining the best tests results of Test Sb and 6b would suggest high 
flowra tes through the heap using a one percent sodium hypochlorite 
leaching solution at below ambient temperatures followed by post 
cyanidation during the warmer months. High flowrates are important in 
terms of hypochlorite consumption and this can be seen by the test 
results presented . This operational method might suggest two ways to 
incorporate the hypochlorite pretreatment. The first would be a 
standard method which would pretreat a single lift heap during the 
colder months, followed by post cyanidation. The second method would 
be to pretreat a multi-lift heap during the colder months following a 
one long post cyanidation treatment during the warmer months although 
this would depend on the percolation of the solution (both hypochlorite 
and cyanide) through the multi-lifted heap. 
In general, gold recoveries for either a milling or a heap 
leaching operation are almost identical and hypochlorite consumption 
are lower for heap leaching provided the above operating conditions are 
met. These heap leaching benefits might be more economical than 
milling, depending on the size of the ore deposit. 
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The main problem in treating the FMC carbonaceous gold ore is in 
controlling the hypochlorite consumption. This consumption problem can 
be somewhat controlled by flowrates, hypochlorite leaching concentra-
tions and temperatures. During these experimental studies, it was 
noted that standard hypochlorite percolation technique was ineffective 
due to continuous hypochlorite side oxidation reactions in already 
pretreated upper layers of heap. This would suggest some other means 
of applying hypochlorite solution to the carbonaceous heap. Two alter-
native methods might be a hypochlorite spraying drum or to agglomerate 
with sodium hypochlorite. Either of these two methods would allow 
rapid contact of the hypochlorite with the organic matter, thus 
oxidizing the activated carbon and reducing chemical costs by direct 
hypochlorite application while the heap is being built. Further 
studies should be done in this area. • 
CARLIN BLACK ORE 
Cyanidation 
Cyanidation proved to be ineffective as was determined by a 0 
percent gold extraction from the bottle roll tests. The "preg rob" 
test showed that 86 percent of the loaded gold cyanide was adsorbed 
within 0.5 hour. This ore is considered to be extremely refractory in 
nature and contains 1.5 percent organic carbon. Any methods used to 
increase gold extraction would prove to be valuable provided that it 
does not cost more than recoverable gold. 
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Sodium Hypochlorite 
Figure 9 shows the effects of temperature on gold extraction for 
the ground vat ore. Once again the higher temperature produces higher 
and quicker gold extractions with the highest extraction being 52.5 
percent for the 34°C leaching temperature with 203 lbs c1 2/ton con-
sumed. Post cyanidation shows an additional gold extraction of 40-plus 
percent can be achieved with a cyanide consumption of 1.25 lbs/ton. The 
Carlin Black gold ore showed a similar trend as did both the Freeport 
ores in that the highest hypochlorite gold extractions occurred at the 
lowest effluent pH just before the pH started to rise. The optimum 
gold extraction at 23°C occurred in a l hour hypochlorite pretreatment 
leaching consuming 183 lbs Cl 2/ton with 12 percent extraction. Post 
cyanidation yielded additional 80 percent extraction in 24 hours with 
1.13 lbs NaCN/ton being consumed. The Black ore did not require the 
pretreatment reaction time as did Pink ore to achieve the same 90-plus 
total (hypochloride/cyanide) percent gold extraction. At 2°C the 
bottle roll tests results were scattered with no trend so they were not 
reported, although the results are in the data section. The gold 
extraction decline that occurred at 23°C is due to the consumption of 
hypochlorite. The insoluble Auel- coating or the formation of chlorate 
within the solution is thought to be the cause of this phenomena. This 
decline in extraction occurs when the pH starts to rise after reaching 
its minimum and when approximately 95 percent of the titratable 
hypochlorite/chlorine is consumed. By using sodium hypochlorite as a 
pretreatment followed by standard the cyanidation technique, a 90-plus 
percent gold extraction can be achieved. 
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The effects of sodium hypochlorite concentra tion with respect to 
gold extraction are shown in Table III and Figure 10. The higher hypo-
chlorite concentration provided the highest gold extraction at 82 . 8 
percent in 11 days but al s o gave the highest hypochlorite consumption. 
Although no post cyanidation studies were conducted on the Carlin 
Bla ck heap leach ore, the same pH decline-rise occurred suggesting this 
might be the optimum pretreatment cut-off time. This would reduce 
hypochlorite consumptions with little or no effect on the overall total 
gold extractions. Test le pretreatment could be stopped 5 days earlier 
consuming 133.7 lbs Cl 2/ton giving a 8.1 percent reduction in hypo-
chlorite consumption. Test 3c pretreatment time could be stopped in 4 
days with a 55 percent reduction in sodium hypochlorite consumption. 
As stated earlier , the higher hypochlorite concentration does produce 
faster gold extractions but at an added chemical consumption. Leaching 
with weaker hypochlorite solution reduces hypochlorite consumptions by 
17.8 percent with a 73.3 percent increase in leaching time but achieves 
the same overall gold extractions. 
GENERAL 
Throughout this thesis, I mention the consumption of sodium hypo-
chlorite in terms of lbs c1 2/ton, this was the easiest way to report 
this because of the glacial acetic acidification of the hypochlorite 
solu t ion followed by a 0.1! sodium thiosulfate titration of free and 
..• ~!berated chlorine in the solution. For every milliliter of sodium 
thiosulfate titrated in the sample equal& 0.003546 grams of chlorine. 
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Errors that occurred in the research analysis are due to gold 
homogeneity in the ore and analytical (e.g., fire assay, atomic 
spectrophotometic, titration and sampling). Although the ores were 
properly blended and split to get head samples, fire assays showed the 
following head concentrations as well as the standard devia tions : 
Pink - 0 . 399 + 0 .. 0157 Au troy oz/avdp ton 
Oxide - 0.252 + 0.0052 Au troy oz/avdp ton 
Black - 0.407 + 0.0150 Au troy oz/avdp ton 
This represents a plus or minus error of 3.9 percent, 2.1 percent 
and 3.7 percent error for Pink, Oxide and Black ores, respectively. 
The bottle roll hypochlorite extraction differences between the cor-
" 
rected hypochlorite A.A . and fire assays varied with highs of 7 and 
10.7 percent for Pink and Oxide ores, respectively. Column test total 
overall extraction differences between A.A. and fire assay were 9.9 
percent and 5 . 2 percent for Pink and Oxide ores, respectively. It 
should be noted that these differences were always higher for the A.A. 
method, which might be caused by the hypochlorite interferences even 
though corrected for. Fire assay analysis of the loaded activated 
carbon from the leach showed a 10-20 percent deviation even though the 
samples were done in duplicate and sometimes in triplicate. The 
problem in accuracy could have been solved by ashing the entire carbon 
sample at 900°C before analyzing by fire assay. The ICP analysis that 
was provided by the U.S.B.M. should be studied with care . The results 
for various tests are included in the Data Section and will not be 
discussed because of inaccuracy of this instrument. 
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The masterflex pumps that were used to apply leaching solution to 
the column was another source of problems and error. These pumps had 
problems maintaining consistent flowrate due to tubing wearout and pump 
motors heating up changing the motor to pump resistances. 
Three quick agglomoration tests were done but not reported in the 
Data Section of this thesis. The ore used was the Pink (-10 mesh) with 
cement and water silica as the binder. This test mixtur~s were as 
follows: 
1. 2000 grams ore, 20 grams cement and 270 milliliters household 
bleach (5.25 percent hypochlorite). 
2. 2000 grams ore, 20 grams cement, 100 grams Ca(OC1) 2 and 300 
milliliters water. 
3. 1544 grams ore, 75 grams of Ca(OC1) 2 , 100 milliliters water 
silica and 200 milliliters water. 
All of the above mixtures were exothermic and were allowed to cure 
for two days. The pellets were then placed in beakers of water. Only 
mixture one held up and did not fall apart. No further research was 
done on the aspects of agglomeration or gold extractions. It was 
thought that the use of calci\111 hypochlorite would react with the sul-
·1 
fide minerals producing calcium sulfate (gypsum) which would act as a 
binder, but this mixture did not hold up in the water. 
Further research should be done on the environmental aspects of 
leaching with sodium hypochlorite such as chlorine off gasing and 
solution disposal. The plant site generation of the hypochlorite 
solu t ion, gold removal and heavy metal removal (21, 22] for regenera-
ting and recycling hypochlorite solutions. Alternative hypochlorite 
applications to reduce the chemical costs, such as agglomeration, 





Freeport Oxide Ore 
1 . Sodium hypochlorite leaching of the Oxide ore is technically 
possible with gold extraction exceeding extractions obtained by 
cyanidation alone. Combining sodium hypochlorite and cyanidation 
obtains iold extraction of 90-plus percent. However, sodium hypo-
chlor ite consumption costs may not offset the gold recovered. 
2. Due to the finely-disseminated nature of the gold in this ore, 
s odium hypochlorite does exhibit a practical kinet i c advantage 
over cyanidation. 
3. Optimum leaching conditions for a 90-plus percent gold extraction 
using sodium hypochlorite as a pretreatment are: 
Sodium Hypochlorite - 1.0 percent solution 
Temperature - below 10°C 
Bed volumes - 2.00 depending on effluent pH 
Heap flowrate - 23 gal/ft2•day followed by 
standard cyanidation during the 
warmer months 
. .. . -. 
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Freeport Pink Ore 
1. Sodium hypochlorite does effectively oxidize the carbonaceous 
matter and achieves a 60-plus percent gold extraction. Combining 
the hypochlorite pretreatment and cyanidation, an 85-plus percent 
~old extraction can be achieved. Although chemical costs of the 
sodium hypochlorite may be high using the standard solution 
percolation technique. A further study may be the use of an 
agglomerat i ng drum spraying with sodium hypochlorite to get the 
solution in immediate contact with the ore before it is placed on 
the heap. 
2. Heap leach flowrate is critical for two reasons, precipitation of 
gold chloride complexes and higher hypochl orite consumptions due 
3. 
to side reactions. 
2 • 
Thus a flowrate of 10 ~al/ft "day and higher 
is best. 
Optimum leaching conditions for an 85 plus percent gold extraction 
using sodium hypochlorite as a pretreatment are : 
Sodium Hypochlorite - 1.0 percent solution 
Temperature - below 10°C 
Bed volumes - 13.5 depending on effluent pH 
Heap flowra te - 15.9 gal/ft20 day followed by 
standard cyanidation during the 
warmer months 
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Carlin Black Ore 
1 . The use of sodium hypochlorite for extracting gold from the Carlin 
Black ore results in gold recoveries of 80-plus percent. This 
indicates that sodium hypochlorite is an effective lixiviant . 
2. Sodium hypochlorite leaching behavior of this ore is similar to 
that of Freeport Pink ore : however, higher hypochlorite consump-














FREEPORT OXIDE HYPOCHLORITE/ CYANIDE 
HEAP LEACH TEST RESULTS 
NaOCl NaOCl NaOCl 









5 . 25 
(lbs Cl/ton) (gal/ft • dar) volumes 





93.30 16 . 39 
142.44 16.35 
73.29 22 . 16 
* Test 3- ore from Test 2 
** Teet 4- at 30°C 
H Teet 6- at 10°C 
























60 . 78 
29.66 l. 32 























FREEPORT PINK HYPOCHLORITE/ CYANIDE 
HEAP LEACH TEST RESULTS 
NaOCl NaOCl NaOCl 
consumption flowrat, bed 
(lbs Cl/ton) (gal/ft •daz) volumes 
169.68 10.52 16.45 
308.96 5.63 7.68 
460.30 9.61 6.70 
157.14 15.87 13.51 
329.87 5.80 8.41 
444.23 3.41 l. 75 
565.02 5.04 7 .77 
21.14 5.45 2.01 
89.80 3.62 2.23 
166.26 3.85 2.05 
* Tests 4,5- -1/4 inch ore 



































CARLIN BLACK HYPOCHLORITE/ CYANIDE 
HEAP LEACH TEST RESULTS 
Percent 
Weight NaOCl NaOCl NaOCl NaOCl Gold 
Per cent consumption flowra t~ bed days Extracted 
Test NaOCl (lbs Cl/ton) (gal/ft • dai:) volumes leached NaOCl 
lC 1. 0 145.46 15.08 10 . 86 20 50.09 
2C 3.15 242.09 19.80 6.97 10 85.80 
3C 5.25 362 . 14 19.18 5.00 11 82.82 
- --
TABLE IV 


































87.8% passing 150 mesh 















82.8% passing 100 mesh 



















86.0% passing 100 mesh 









SCREEN ANALYSIS FOR FREEPORT PINK HEAP LEACH ORE 
Freeport Pink (-10 mesh): 
Sieve Size 
Tyler Std. microns Weisht (~rams) 
10 1700 14.55 
20 850 156.50 
35 425 122.83 
48 300 36 .17 
65 212 21.70 
100 150 18.06 
200 75 31.20 
325 45 19. 61 
-325 )45 31.82 
452.44 
62.2% passing 20 mesh 
27.1% passing 48 mesh 
Freeport Pink (-1/4 inch): 
Sieve Size 
Tyler Std. microns Weisht (~rams) 
4 4750 109.00 
10 1700 612.60 
28 600 430.20 
48 300 170.50 
65 212 53.50 
100 150 79.60 
150 106 41.40 
200 75 17.10 
325 45 98.70 
-325 )45 58.40 
1671. 00 
31.1% passing 28 mesh 
17.7% passing 65 mesh 
TABLE VI 
SCREEN ANALYSIS FOR FREEPORT OXIDE HEAP LEACH ORE 



































59.8% passing 20 mesh 













90.0% passing 4 mesh 


























SCREEN ANALYSIS FOR CARLIN BLACK HEAP LEACH ORE 
























71.26% passing 4 mesh 














CHEMICAL COMPOSITION OF ORES BY ICP:U 
Ore Al As Cd Cu Fe .2!L Ni Pb 
Oxide .94% 510 1.5 22 . 97% .50% 12 < 20 
Pink 4.6% .23% 4.4 39 1.8% 3.9% 37 < 20 
Black 3.8% 950 2.2 47 2.1% 2.0% 49 < 20 
Note: the above results are averages of 3 samples 
Results are reported in ug/ml unless otherwise indicated. 
Note: < indicates that the results are less than the given value 
* indicated that the results are near the detection limit 
and must be interpreted accordingly 
6 ICP. Inductively Coupled Plasma Analysis was done by the 
U.S. Bureau of Mines, Reno Research Center. 
TABLE IX 
FIRE ASSAY FLUX COMPOSITION: 
Solid Sample (1 assay ton): 3 gram Carbon Sample: 
Si02 10.0 g Si02 15.0 g 
Na 2co3 30.0 g Na 2co3 20.0 g 
PbO 70.0 g PbO 60.0 g 
Borax 6.0 g Borax 3.0 g 
Flour 3.0 g KN03 4.0 g 







I -AuC/4 /4' /4v7 Au(OH)3 CI -2 . \4, ,'\4. 
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5.25% NoOC/ ot23°C 
TEST 9 
_0- 0 
-<::::_ l0% NaOCI at/0°C 
1 TEST 6 
0 2 3 4 5 6 7 8 9 IO 
Tl ME ( DAYS) 
FIG.2 
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Effects of Hypochlorite Concentration and 
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FIG, 3 
Comparison of NaOC// NaCN vs NaCN 












































Comparison of NaOCI Flowrate on Gold 
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FIG. 5 
Ef feels of Temperature on NaOC/ Gold 
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FIG, 6 
Gold Extraction Comparison Between NaCN 
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FIG. 7 
The Effects of NaOCI Flowrate on Overall Gold 
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FIG. 8 
Effects of NaOCI Concentration Step Changes 
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Effects of Temperature on NoOC/ Gold Exlrocfion 
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FIG 10 
Effects" of Na OCI Concentration on Gold 




Void Volumes For Heae Leach Ores: 
Freeport Pink (-10 mesh) 9.078 3 e .. ft / ton 
Freeport Pink (-1/4 inch) e • 7.615 ft3/ton 
Freeport Oxide (-10 mesh) e • 7.914 ft3/ton 
Freeport Oxide (-1/4 inch) e .. 5.821 f t 3 / ton 
Carlin Black (-1/4 inch) e .. 6.466 ft3 /ton 
Note: Void Volumes (e) are Approximate 
Fire Assaz Flux Comeosition: 
Solid Sample (l assay ton): 3 gram Carbon Sample: 
Si02 10.0 g Si02 15.0 g 
Na2C03 30.0 g Na 2ro3 20.0 g 
PbO 70.0 g PbO 60.0 g 
Borax 6.0 g Borax 3.0 g 
Flour 3.0 g KN0 3 4.0 g 
;, 
Covered by Borax Covered by Borax 
Sodium Hzeochlorite Standards: 
Wt % NaOCl ml Titrated Aeerox. AA Abs. 
5.25 80.57 0.025 
4.73 73.10 0.022 
3.68 56.75 0.017 
2.10 32.50 0.008 
1. 58 24.45 0.005 
1.05 16 .32 0.003 
0.53 8.20 0.001 
0.26 4.0 o.o 
0.05 0.75 0.0 
NaOCl correction factor for AA is 
Abs • Au Abstotal - AbsNaOCl 
Chemical Composition of Ores By ICP: 11 
Ore Al As Cd Cu Fe Ni Pb 
Oxide .94% 510 1.5 22 .97% .50% 12 < 20 
Pink 4.6% .23% 4.4 39 1.8% 3.9% 37 < 20 
Black 3.8% 950 2.2 47 2.1% 2.0% 49 < 20 
Note: the above results are averages of 3 samples 
Results are reported in ug/ml unless otherwise indicated. 
Note: < indicates that the results is less than the given value 
* indicated that the results is near the detection limit 
and must be interpreted accordingly 
U ICP• Inductively Coupled Plasma Analysis was done by the 
U.S. Bureau of Hines, Reno Research Center . 
g 
Chemical Composition of Ores By X-Ray Diffraction: 
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Freeport Pink: Mainly quartz, Si02 with less dolomite, CaHg(co3) 2 
and trace calcite, eaco3 and kaol ~nite, Al 2Si 2o5(0H) 4 
Freeport Oxide: Hore quartz, Si02 than calcite, eaco3 plus minor 
unidentifiable pha! es 
Carlin Black: Mainly quartz, Si02 with much less dolomite, 
CaHg(co3) 2 and trace kaolinite, Al 2Si 2o5(0H) 4 
and iron oxides 
IX-Ray Diffraction done by the Nevada Bureau of Hines, Dr. Hsu 
Head Fire Assay Analysis of Ores: 
Ore Au troy oz/avdp . ton Std. Deviation I of Assays 
Pink 0.399 0.015 8 
Oxide 0.252 0.0052 4 
Black 0.407 0.0150 6 
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Gold Robbing Ability of Vat Ores: 






200 ml of 1.844 ppm Au Std. at (NaCN)• 1 g/1 and pH• 10.7 
Reaction time: 0 . 5 hrs. at 158 r.p.m. 
Reaction vessel: 1,000 ml pla stic bottle 









Total % Carbon 
4.87 
2. 63 
% Organic Carbon 
2.50 
I.SO 
Carbon analysis was done by the U.S. Bureau of Hines. 
#- Freeport Oxide gold ore was leached by the Std. gold 
cyanide solution and had a 40.08% gold ex traction in 
1/2 hour thus no gold was removed. 
~-
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Cyanide Bottle Roll Tests On Vat Ores: 
Test Condition: 
100 grams ore 
200 ml NaCN solution at pH• 10.6 
24 hrs. roll time in 1000 ml closed plastic bottle at 158 rpm 
Reaction temperature: 23°C 
Freeport Pink Ore: 
Initial Cone. % Extraction Chemical Useage (lbs/ ton) 
NaCN (g/1) Au NaOH NaCN 
0.5 5.19 0.10 0.83 
1.0 1. 13 0.25 1. 33 
2.0 0.80 0.20 2.03 
Freeport Oxide Ore: 
Initial Cone. % Extraction Chemical Useage (lbs/ton) 
NaCN (g/1) Au NaOH NaCN 
0.5 63.37 0.10 0.25 
1.0 56.75 0.24 0.50 
2.0 62.50 0.19 1. 24 
Carlin Black Ore: 
Initial Cone. % Extraction Chemical Useage (1 bs/ ton) 
NaCN (g/1) Au NaOH NaCN 
0.5 0.0 0.080 1.80 
1.0 0.0 0.071 2.85 
2.0 0.0 0.063 3.67 
, 
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Sodium Hypochlorite Bottle Roll Tests On Vat Ores: 
Test Conditions: 
200 ml of 5.25% NaOCl (pure household bleach) 
averaged NaOCl head cone. • 222.64 lbs c1 2/ton 100 grams of ore 
reaction vessel: 1000 ml plastic bottle 
roll times vary with tests; r . p.m.• 158 
reaction temperature: 23°C 
Some NaOCl tests are followed by Std. NaCN bottle roll tests. 
200 ml of NaCN• 1.0 g/1 at pH• 10 . 7 































7.5 34.68 40.50 
5.5 45 . 36 44.54 
5 . 3 58.98 36.45 
5.3 60.83 




5.8 14. 78 
6.1 16.54 


















Chemical Useage (lbs/ton) 































% Au Extracted Difference1 
61.61 0.78% 
92.90 7.12% 
#- Difference between fire assay and solution 
















Solution Analysi s by ICP:H 
As Cd Cu Fe -1!L Ni Pb 
49 <0.l <2 <I *4.0 <0.7 <3 
*26 *.11 <2 <I 72 <0.7 <3 
*15 *.21 <2 6.3 110 <0.7 <3 
<8 0.42 <2 3.7 170 *0.8 <3 
<8 0.60 <2 3.8 180 *1.2 <3 
22 <0.l <2 *<l 2.9 <0.7 <3 
*8.2 0.70 <2 *2.7 190 *l.6 <3 
<8 0. 71 <2 3.6 210 *l.6 <3 
results are reported in ug/ml unless otherwise 
indicated (ug/ml• mircograms/ml; g= gram/liter) 
Note: < indicates that the result is less than the 
given value 
* indicates that the result is near the detection 
limit and must be interpreted accordingly 
H ICP• Inductively Coupled Plasma Analysis done by the 
U.S. Bureau of Mines, Reno Research Center 
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Sodium Hieochlorite Bottle Roll Tests on Vat Ores: 
Freeport Oxide: 
averaged NaOCl head cone.• 220.17 lbs Clzlton 










48.0 6. 7 













Au Extracted % Au Chemical Useage (lbs/ton) 
NaOCl NaCN Extracted Chlorine NaCN NaOH 
0.00 67.68 67.68 11.80 0.49 
0.67 0.67 16.22 
4.17 4.17 12.99 
4.17 67.68 71.85 15.74 0.33 
5.93 71. 94 77 .85 24.73 0.47 
7.67 74.79 82.46 34.54 0.25 
12.93 74.78 87. 71 73.37 0.54 
63.64 36.40 100.04 204.01 0.37 
65.41 65.41 205.91 
assay of tails: 
Sample % Au Extracted Difference 11 
hrs. 89.39 10.65% 
hrs. 57.12 8.29% 
Difference between fire assay and solution 
assay by AA. 
Solution Analysis by ICP:11 
As Cd Cu Fe Ni 
22 (0.1 (2 (1 *2.9 ( 0.7 
21 (0.1 (2 (1 0 (0.7 
(8 (0.1 <2 (1 *5.1 (0.7 
(8 (0.1 (2 (1 6.5 (0.7 
(8 (0.1 (2 (1 29 (0.7 
(8 (0.1 (2 (1 33 (0.7 
results are reported in ug/ml unless otherwise 
indicated (ug/ml• mircograms/ml; g- gram/liter) 















* indicates that the result is near the detection 
limit and must be interpreted accordingly 
I ICP• Inductively Coupled Plasma Analysis done 
by the U.S. Bureau of Mines, Reno Research Center 
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Sodium Hr2ochlorite Bottle Roll Tests on Vat Ores: 
Carlin Black: 
averaged NaOCl head cone.• 223.27 lbs Cl 2/ton 
Effluent Percent Total 
Time NaOCl Au Extracted % Au Chemical Useage (lbs/ ton) 
(hr) [!H NaOCl NaCN Extracted Chlorine NaCN NaOH 
0.5 8.1 3. 28 3.28 80.57 
1.0 7.0 11.80 80.34 92.14 183.27 1.13 0.06 
2.0 5.4 36.86 56.67 93.53 207 .10 1.19 0.06 
4.0 5.8 40.30 53.98 94.28 207.29 1.25 0.06 
6.0 5.3 30.88 30.88 213.93 
8.0 5.7 38.82 38.82 219.30 
9.0 5.7 1. 72 92.96 94.68 222.52 
24.0 6.3 o.o o.o 223.27 
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Sodium Hypochlorite Temperature Shaker Bath Tests on Vat Ores: 
Test Conditions: 
200 ml of 5.25% NaOCl (household bleach) 
100 grams of ore 
74 
reaction vessel: 500 ml flat bottom flasks opened to the air 
Burrell wrist action shaker set at 2 
reaction tempe rature and reaction time will vary with tests 
Freeport Pink: 
Temperature: 36°C 
Time c1 2 consumption % Extracted Effluent (hrs.) (lbs/ ton) Au NaOCl pH 
Head 220.09 12 
1.0 197.82 48 .19 5.6 
2.0 208.74 66.33 5. 2 
4.0 218.95 71.00 5.5 
5.0 219.81 72.55 5. 5 
Temperature: 2°c 
Time Cli consumption % Extracted Effluent 
(hrs.) (1 s/ ton) Au NaOCl pH 
Head 220.09 12 
1.0 20.70 28.48 10. l 
2.0 26.38 29.00 9.5 
4.0 31.62 30.04 8.8 
24.0 161. 24 59.60 6.6 
48.0 212.15 70.97 5.3 
72.0 215.41 69.51 5.9 
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Sodium Hypochlorite Temperature Shaker Bath Tests on Vat Ores: 
Carl in Black: 
Temperature: 34°C 
Time Cli consumption % Extracted Effluent 
(hrs.) (1 s/ ton) Au NaOCl pH 
head 210.51 
0.5 92.06 36 .86 8.3 
1.0 186.25 29.12 6.7 
2.0 197.60 30.84 5.8 
3.0 203.41 52.58 5.2 
4.0 208.38 47.59 5.3 
Note: All samples were fire asayed 
Temperature: 2°c 
Time Cl i consumption % Extracted Effluent 
(hrs.) (1 s/ ton) Au NaOCl pH 
head 220 .15 
1.0 25.96 32.11 8.4 
8.0 58.96 28.87 8.6 
24.0 166.25 6.96 7.6 
48.0 204.55 4.30 5.6 
72.0 217.84 33.49 6.4 
Note: All samples were fire asayed 
~ -- - ......... ,_ ---
Cyanide Heap Leach Tests: 
Freeport Oxide (-10 mesh): Test 1 
Test conditions: 
column load• 28.63 lbs 
(NaCN)• 0.5 g/1 at pH• 10.5 
leached for 30 days at 10°C 
NaCN consumption• 0.43 lbs/ton 
NaOH consumption• 0.07 lbs/ton 2 column surface area-30.06681 ft ore volume• 0.300 ft 
bed volumes• 6.43 2 flowrate• 7.205 gal/ft "day 
Total Au Extraction• 47.43% 


































X-Ray Diffraction of Solids After pH Adjustments of the Effluent 
Stream with NaOH 
Solids- mainly calcite, eaco3 with minor to trace brucite, Hg(OH) 2 
X-Ray Diffraction done by the Nevada Bureau of Hines, Dr. Hsu 
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Cyanide Heap Leach Tests: 















column load• 30.0 lbs 
(NaCN)• 0.5 g/1 at pH• 10.5 
leached for 30 days at 10°C 
NaCN consumption• 0.41 lbs/ton 
NaOH consumption• 0.06 lbs/ton 2 column surface are~- 0.06681 ft 
ore volume•0.300ft 
bed volumes• 6.56 2 flowrate• 7.35 gal/ft "day 
Extraction• 60.78% 


























Cyanide Heae Leach Tests: 
Freeport Oxide (-10 mesh): Test 2 
Effluent NaCN Solution Analysis by ICP:11 
Al As Cd Cu Fe -2!L Ni Pb 
<8 33 <0.l *3.3 9.6 <3 <0 . 7 <3 
Note: NaCN solution was recycled for 30 days before analysis was done 
results are reported in ug/ml unless otherwise indicated 
(ug/ml• mircograms/ml; g• gram/liter) 
Note: < indicates that the result is less than the given value 
* indicates that the result is near the detection limit and 
must be interpreted accordingly 
#ICP- Inductively Coupled Plasma Analysis done by the U.S. Bureau 
of Hines, Reno Research Center 
Sodium Hypochlorite/ Cyanide Heap Leach Tests: 
Freeport Oxide (-10 mesh): Test 3 
Test Conditions: 
Precyanided ore from Oxide Test 2 with 60.78% Au removal 
column load3 25.46 lbs 
(NaOCl) .. 1.0% 
averaged NaOCl head cone.• 0.060 g CI 2/ml leached for 7 days with NaOCl at 23°C 
NaOCl consumption• 46.7 lbs Cl 2~ton column surface area-30.08727 ft ore volume• 0 .298 ft 
NaOCl bed volumes• 7.64 2 flowrate= 32.54 gal NaOCl/ft "day 
NaOCl Au Extraction~ 29.66% (from fire assay tail= 0 . 0276 oz/ton) 
NaOCl Effluent Stream 
Day 2H g Cl/5 ml Ii ters 
I 6 . 75 0.0071 8.750 
2 8.15 0.0099 8.520 
3 8.68 0 . 0670 10. 440 
4 8 . 90 0.0358 9. 400' 
5 9.1 0.0528 11.450 
6 11.6 0.0574 9.600 
7 11. 7 0.0582 6 . 040 
8* ---·-- 0.285 
* Day 8• column drainage 
washed with CaO solution at pH• IO.I for 5 days 







CaO Effluent Stream 











* Day 5• column drainage 
Note: CaO solution yellowish colored 







Sodium Hypochlorite/ Cyanide Heap Leach Tests: 
Freeport Oxide (-10 mesh): Test 3 
(NaCN)• 0.5 g/1 at pH• 10.5 
leached for 20 days with NaCN at 23°C 
NaCN consumption• 0.30 lbs/ton 
NaOH consumption• 0.07 lbs/ton 
NaCN bed volumes• 4.84 2 flowrate• 6.18 gal NaCN/ft 'day 
NaCN Au Extraction• 1.32% 
Total Au Extraction• 60.78 + 29.66 + i.32• 91.76% 
NaCN Au Extraction 
Day % Extracted Total % Extracted 
1 0.58 0.58 
2 0.22 0.80 
3 0.06 0.86 
5 0.13 0.99 
7 0.09 1.08 
9 0.05 1.13 
11 0.04 1. 17 
14 0.05 1.22 
20 0.10 1. 32 
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Sodium Hypochlorite/ Cyanide Heap Leach Tests: 
Freeport Oxide (-10 mesh): Test 4 
Test conditions: 
column load• 28.0 lbs 
(NaOCl)• 1.0% 
averaged NaOCl head cone.a 0.050 g Cl 2/ml leached for 9 days with NaOCl at 30°C 
NaOCl consumption= 40.0 lbs Cl 2/~on colummn surface area3 0.06681 ft ore volume~ 0.295 ft 
NaOCl bed volumes• 4 .096 2 f l owrate• 32.54 gal NaOCl/ft ·day 
NaOCl Au Extractionz 67.12% (from fire assay tail• 0.03399 oz/ton) 
NaOCl Effluent Stream 
Day pH S Cl/5 ml 
l 7.0 0 . 0 
2 7.0 o.o 
3 6.75 0.0043 
4* 7.0 0.0 
5 6.5 0.0053 
6 7. l 0.0124 
7 8.0 0.0259 
8 8.2 0.0358 
9* 
* Day 4• lost pump 
* Day 9• drainage 
washed with CaO solution at pH• 10.1 for 5 days 
CaO bed volumes• 6.35 
CaO Effluent Stream 
Day pH s Cl/5 ml 
1 8.1 0.00762 
2 9.0 0.0 
3* 9.2 o.o 
4 10.4 o.o 
5* 9.9 0.0 
* Day 3- flooding 






















Sodium Hypochlorite/ Cyanide Heap Leach Tests: 
Freeport Oxide (-10 mesh): Test 4 
(NaCN)• 0.5 g/1 at pH• 10.5 
leached for 20 days with NaCN at 23°C 
NaCN consumption• 0.18 lbs/too 
NaOH consumption• 0.04 lbs/ton 
NaCN bed volumes• 4.33 
flowrate• 7.53 ga l NaCN/ft2·day 
NaCN Au Extraction• 19.39% 
Total Au Extraction• 86.51% 
NaCN Au Extraction 
Day % Extracted Total % Extracted 
1 13 .81 13.81 
2 2.83 16.64 
3 0.45 17.09 
5 0.52 17 . 61 
7 0.42 18.03 
9 0.28 18.31 
11 0.27 18.58 
14 0.30 18 . 88 
20 0.51 19.39 
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Sodium Hypochlorite/ Cyanide Heap Leach Tests: 
Freeport Oxide (-10 mesh): Test 5 
Test conditions: 
column load• 28.78 lbs 
(NaOCl )• l. 0% 
averaged NaOCl head cone.• 0.0488 g Cl2/ml leached for 7 days with NaOCl at 23°C 
NaOCl consumption• 36.5 lbs c1 22 ton column surface area-30.08727 ft ore volume• 0.305 ft 
bed vol wnes• 3. 66 · 
flowrate• 13.64 gal Na0Cl/ft2 'day 
NaOCl Au Extractiona 64.37% (from fire assay tail= 0.02407 
oz/ton) 
NaOCl Effluent Stream 
Day pH S Cl/5 ml 11 ters 
l 7.0 a.a 8.550 
2 6.8 0.0092 5.080 
3 8.0 0.0184 6.200 
4 8.7 0.0340 5.0SO 
5 8.9 0.0468 5.480 
6* 9.2 0.0628 1.060 
7* 0.095 
* Day 6• lost flow 
* Day 7• drainage 
washed with CaO solution at pH• 10 . 2 for 5 days 
Cao bed volumes• 1.73 
CaO Effluent Stream 
Day pH S Cl/5 ml 11 ters 
l 9.3 0.0028 2.320 
2 10. l 0.0 4.000 
3* 10. l 0.0 2.940 
4 10. l 0.0 4.460 
5* 10. l 0.0 1.200 
* Day 3• lost power 
* Day 5• drainage 
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Sodium Hypochlorite/ Cyanide Heap Leach Tests: 
Freeport Oxide (-10 mesh): Test 5 
(NaCN)• 0.50 g/1 at pH• 10.5 
leached for 20 days at 23°C 
NaCN consumption• 0.24 lbs/ton 
NaOH consumption• 0.06 lbs/ton 
NaCN bed volumes• 5.23 2 flowrate• 6.83 gal NaCN/ft "day 
NaCN Au Extraction• 26.08% 
Total Au Extraction• 90.45% 
NaCN 























Sodium Hypochlorite/ Cyanide Heap Leach Tests: 
Freeport Oxide (-10 mesh): Test 6 
Test conditions: 
column load• 28 . 0 lbs 
(NaOCl)= 1.07. 
averaged NaOCl head cone.• 0.0496 g Cl 2/ml leached for 3 days with NaOCl at 10°C 
NaOCl consumption• 17.3 lbs Cl 2~ton column surface area-30.06681 ft ore volumn• 0.300 ft 
NaOCl bed volumes• 2 .'09 3 2 flowrate• 23.44 gal NaOCl/ft "day 
NaOCl Au Extraction• 46.13% 
NaOCl Effluent 
Day pH S Cl/5 ml Ii ters % Au Extracted 
1 6.7 0.0 4.700 18 . 42 
2 7.9 0.0248 8.340 19.61 
3 8.2 0.0312 4.500 4.72 
washed with eao solution at pH= 10.5 for 5 days 
CaO bed volumes• 4.492 
Cao Effluent 
Day pH S Cl/5 ml Ii ters % Au Extracted 
l* 7. 1 0.0 6.400 3.38 
2 8.6 0.0 8.100 0.00 
3 8.9 0.0 13.060 0.00 
4 8.9 0.0 9.540 0.00 
5 8.5 0.0 1.060 0.00 
Total 
Total 
* Day l• CaO flush started 5 days after NaOCl pre treatment 
(NaCN)• 0.5 g/1 at pH• 10.5 leached for 20 days 
with NaCN at 23°C 
NaCN consumption• 0.35 lbs/ton 
NaOH consumption• 0.07 lbs/ton 
NaCN bed volumes• 4.63 2 flowrate• 7.77 gal NaCN/ft "day 













Sodium Hypochlorite/ Cyanide Heap Leach Tests: 
Freeport Oxide (-10 mesh): Test 6 
Total Extraction• 93.72% (Total extraction from fire assay tail• 
88.48%, where tail assay- 0.02903 oz/ton) 
NaCN Au Extraction 
Day % Extracted Total % Extracted 
1 11.89 11.89 
2 30.54 42.43 
3 1.46 43.89 
5 1. 21 45.10 
7 0.66 45.76 
9 0.41 46.17 
11 0.37 46.54 
14 0.40 46.94 
20 0.65 47.59 
"---_________,,.... 
Sodium Hypochlorite Heap Leach Tests: 
Freeport Oxide (-10 mesh): Test 7 
Test conditions: 
column load• 28.0 lbs 
(NaOCl)• 3.15% 
averaged NaOCl head cone.• 0.1318 g Cl 2/ml 
leached for 3 days at 23°C 
NaOCl consumption• 29.0 lbs Cl 2/ton 2 column surface area• 0.08727 ft 
ore volume• 0.313 ft3 
bed volumes• 1.986 
flowrate• 17.77 gal/ft2·day 
Total Au Extraction• 76.10% (from fire assay tail• 0.06024 oz/ton) 
NaOCl Effluent 
Day pH s Cl/5 ml 11 ters 
1 6.1 0.0014 4.300 
2 8.9 0 .1300 6.540 
3 9.6 0.1159 6.270 
4* ---·- 0.490 
* Day 4• drainage 
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Sodium Hypochlorite Heap Leach Tests: 
Freeport Oxide (-10 mesh): Test 8 
Test conditions: 
column load• 28.0 lbs 
(NaOCl)• 5.25% (household bleach cone.) 
averaged NaOCl head cone.• 0.2512 Cl 2/ml 
leached for 4 days at 23°C 
NaOCl consumption• 93.3 lbs Cl 2/ton 
column surface area• 0.08727 ft2 
ore volume• 0.313 ft3 
bed volumes• 2.445 
flowrate• 16.394 gal/ft2 ·day 







* Day 5• drainage 


























results are reported in ug/ml unless otherwise indicated 
(ug/ml• mircograms/ml; g- gram/liter) 
Note:< indicates that the result is less than the given value 
* indicates that the result is near the detection limit 
and must be interpreted accordingly 
Pb 
<20 
I ICP. Inductively Coupled Plasma Analysis done by the U.S. Bureau 
of Mines, Reno Research Center 
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Sodium Hypochlorite Heap Leach Tests: 
Freeport Oxide (-10 mesh): Test 9 
Test conditions: 
column load• 28.0 lbs 
(NaOCl)• 5.25% (household bl each cone . ) 
averaged NaOCl head cone.• 0.2722 g Cl 2/ml 
leached for 5 days at 23°C 
NaOCl consumption• 142.44 lbs Cl 2/ton 
column surface area• 0.08727 ft 2 . 
ore volume• 0.305 ft3 
,bed VoJWl)es• 3.127 
' ' 2 'f. lowrater 16.35 gal/ft 0 day 
\ ("--
"---Total Au Extraction• 82.16% 
NaOCl Effluent Au 
Day 2H g Cl/5 ml Ii ters 
1 6.4 o.o 3.160 1.148 
2 5.8 0.0004 6.380 3.213 
3 6.7 0.0347 6.260 9.756 
4 9 .1 0.2236 6.280 0.631 















Sodium Hypochlorite Heap Leach Tests: 
Freeport Oxide (-1/4 inch): Test 10 
Test conditions: 
column load• 28.0 lbs 
(NaOCl)• 5.25% (household bleach cone.) 
averaged NaOCl head cone.• 0.2813 g Cl 2/ml 
leached for 3 days at 23°C 
NaOCl consumption• 73.3 lbs Cl 2/ton 
column surface area• 0.08727 ft2 
ore volume• 0.305 ft3 
bed volumes• 2.54 
flowrate• 22.16 gal/ft2 ·day 




pH g Cl/5 ml liters 
Au 
















0 . 860 













Cyanide Heap Leach Tests: 
Freeport Pink (-10 mesh): Test lb 
Test conditions: 
column load• 28.63 lbs 
(NaCN)• 0.5 g/1 at pH• 10.5 
leached for 30 days at 10°C 
NaCN consumption• 0.51 lbs/ton 
NaOH consumption• 0.07 lbs/ton 
column surface area• 0.06681 ft2 
flowrate• 6.52 gal /ft2 ·day 
Total Au Extractions• 2.60% 




































0 . 22 
0.34 













X-Ray Diffraction of Solids After pH Adjustments of the Effluent 
Stream with NaOH 
Solids- mainly calcite, Caco3 with trace brucite, Hg(OH) 2 




Cyanide Heap Leach Tests: 
Freeport Pink (-10 mesh): Test 2b 
Test conditions: 
column load• 28 lbs 
(NaCN)• 0.5 g/1 at pH• 10.5 
leached for 20 days at 10°C 
NaCN consumption• 0.48 lbs/ton 
NaOH consumption• 0.06 lbs/ton 
column surface area• 0.06681 ft 2 
ore volume• 0.295 ft3 
bed volumes• 3.319 
flowrate• 6.09 gal/ft2·day 
Total Au Extraction• 0.702% 
NaCN Au Extraction 
Day % Extracted Total% Extracted 
1 0.015 0.015 
4 0.086 0.101 
7 0.098 0.199 
10 0.139 0.338 
13 0.135 0.473 
17 0.102 0.575 
20 0.127 0.702 
Effluent NaCN Solution Analysis by ICP:D 
Al As Cd cu Fe ..!!L. 




Note: Cyanide solution was recyled for 20 days before analysis was done 
results are reported in ug/ml unless otherwise indicated 
(ug/ml• mircograms/ml; g• gram/liter) 
Note: < indicates that the result is less than the given value 
* indicates that the result is near the detection limit 
and must be interpreted accordingly 
# ICP. Inductively Coupled Plasma Analysis done by the U.S. Bureau 
of -rtines, Reno Research Center 
Sodium Hypochlorite/ Cyanide Heap Tests: 
Freeport Pink (-10 mesh): Test 3b 
Test conditions: 
column load• 30.27 lbs 
(NaOCl)"' 1.07. 
averaged NaOCl head cone.= 0.05786 g Cl 2/ml 
leached for 35 days with NaOCl at 23°C 
NaOCl consumptionm 169.08 lbs Cl 2/ton 
column surface areaa 0.08727 ft 2 
. 3 
ore volume= 0.276 ft 
NaOCl bed volumes"' 16.449 
flowrate• 10.52 gal Na0Cl/ft2"day 
NaOCl Au Extraction• 81.00% (from fire assay tail= 0.04144 oz/ton) 
NaOCl Effluent 
Day pH g Cl/5 ml 11 ters 
l 6.9 0.0 6.050 
2 6.9 a.a 4.900 
3 7.5 a.a 4.700 
4 6.9 a.a 5.630 
5 6.6 0.0 5.480 
6 6.6 0.0 4.730 
7* 6.7 0.0057 5.870 
8 7.2 0.0103 5.140 
9 7.2 0.0078 4.260 
10 7.3 0.0085 4.000 
11 7.5 0.0106 3.800 
12 7.6 0.0106 4.150 
13 7.6 0.0160 4.100 
14 7.6 0.0149 4.160 
15 7.6 0.0128 4.140 
16 7.7 0.0152 4.120 
17 7.9 0.0142 4.160 
18 8.0 0.0174 4.120 
19 8.1 0.0195 4.150 
20* 8.1 0.0174 3.760 
21 8.2 0.0163 2.740 
22 8.1 0.0161 2.740 
23 8.2 0.0177 2.840 
24* 8.1 0.0163 3.440 
25 8.3 0.0135 1.300 
29 8.3 0.0191 8.200 
31 9.2 0.0316 6.270 
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Sodium Hypochlorite/ Cyanide Heap Tests: 







pH Cl/5 ml 
8.9 0.0277 
9.0 0.0241 
9 .1 0.0340 
9.5 0.0337 
* Days 7,20,24,32= flooding 







washed with CaO solution at pH• 12.0 for 4 days CaO bed volumes= 2.56 
CaO Effluent 
Day pH Cl/5 ml 11 ters 
l 11.6 0 . 0039 5.420 
2 11. 3 0.0007 6.600 
3 11. l 0 . 0 7.570 
4* 10.6 0.0 1.820 
* Day 4 .. drainage 
(NaCN)• 0.5 g/1 at pH• 10.5 leached for 20 days at 23°C 
NaCN consumption• 0.08 lbs/ton 
NaOH consumption• 0.025 lbs/ton 
NaCN bed volumes• 2.45 2 flowrate• 2.90 gal NaCN/ft ·day 
NaCN Au Extraction• 8 . 61 % 
Total Au Extraction• 89.61 % 
NaCN Au Extraction 
Day % Extracted Total % Extracted 
l 0.09 0.09 
2 0.80 0.89 
3 3.99 4.88 
5 1.65 6.53 
7 0.52 7.05 
9 0.30 7.35 
11 0.34 7.69 
14 0.26 7.95 
20 0.66 8.61 
I 
Sodium Hyeochlorite/ Cyanide Heae Tests: 
Freeport Pink (-10 mesh): Test 3b 
Leached Ore Analysis by ICP:H 
Al As Cd Cu Fe .J!L 
4.6% .18% 4.2 33 1.8% 4.0% 
results are reported in ug/ml unless otherwise indicated 
(ug/ml• mircograms/ml; g• gram/liter) 
Ni 
28 
Note: < indicates that the result is less than the given value 
* indicates hat the result is near the detection limit 
and must be interpreted accordingly 
I ICP. Inductively Coupled Plasma Analysis done 
;:.::r- -- -~ 
) 





Sodium Hypochlorite/ Cyanide Heap Leach Tests: 
Freeport Pink (-1/4 inch): Test 4b 
Test conditions: 
column load• 50.0 lbs 
(NaOCl)• 2.20% 
averaged NaOCl head cone.• 0.1679 g Cl 2/ml 
leached for 34 days at 23°C 
NaOCl consumption• 308.96 lbs Cl 2/ton 
column surface area• 0.16499 ft 2 
ore volume• 0.550 ft 3 . 
NaOCl bed volumes• 7.68 
flowrate• 5.63 gal Na0Cl/ft2 ·day 
NaOCl Au Extraction• 62.69% (from fire assay tail• 0.02903 oz/ton) 
NaOCl Effluent 
Day pH S Cl/5 ml 11 ters 
1 6.1 0.0 5.700 
5* 6.3 0.0 14.950 
7 o.o 5.850 
10* 6.5 0.0 3.030 
12 6.4 0.0 3.860 
14 6.7 0.0 4.040 
15 0.0 4.250 
16 0.0 4.870 
17* 0.0 3.240 
18 0.0 4.430 
19 0.0 3.760 
20 0.0 3.515 
21 0.0 3.360 
22* 0.0 3.000 
23 0.0 3.360 
24 0.0 3.260 
25 o.o 3.280 
26 0.0 3.260 
27 0.0 3.300 
28* 6.6 0.0010 6.480 
29 8 .1 0.0439 7.820 
30 9.0 0.0667 7.820 
31 10.5 0.0894 7.600 
32* 9.3 0.0688 4.020 
33 9.6 0.0713 3.820 
34* 9.0 0.0521 0.845 
* Days 5,32• downed flowrate 
I 
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Sodium Hypochlorite/ Cyanide Heap Leach Tests: 
Freeport Pink (-1/4 inch): Test 4b 
* Days 10,17• lost power 
* Day 22• lost pump 
* Day 28• increased flow * Day 34• drainage 
97 
washed with CaO solution at pH• 12.0 for 12 days CaO bed volumes• 6.82 
Day pH 
1 11.6 








































(NaCN)• 0.5 g/1 at pH• 10.5 leached for 20 days with NaCN at 23°C 
NaCN consumption• 0.38 lbs/ton 
NaOH consumption• 0.06 lbs/ton 
NaCN bed volumes• 3.73 2 flowrate• 4.67 gal NaCN/ft "day 
NaCN Au extraction• 30.03% 











NaCN Au Extraction 
% Extracted Total % Extracted 0.97 ____ 0 ___ 9_7 __ _ 
15.35 16.32 
2.41 18. 73 
3.44 22.17 
1.94 24.11 
I. 74 25.85 




Sodium Hypochlorite/ Cyanide Heap Leach Tests: 
Freeport Pink (-1/4 inch): Test Sb 
Test conditions: 
column load• 50.346 lbs 
(NaOCl)"' 5.25% 
averaged NaOCl head cone.• 0.2723 g Cl 2/ml 
leached for 20 days at 23°C 
NaOCl consumption• 460.30 lbs Cl 2/ton 
column surface area•0.16499 ft 2 · 
ore volume• 0.536 ft3 
NaOCl bed volumes• 6.696 
flowrate• 9.61 gal Na0Cl/ft2 ·day 
NaOCl Au Extraction• 73.15% 
NaOCl Effluent 
Day pH s CT/5 ml 11 ters % Au Extracted 
1 6.2 0.0 1.160 0.07 
2 5.7 o.o 7.570 1.90 
3 5.3 0.0 6.280 1. 73 
4 6.0 o.o 6.280 1. 58 
5 5.6 0.0 6.120 1.69 
6 5.3 0.0 6.220 1. 56 
7 5.5 0.0 6.300 1. 58 
8 5.6 0.0 5.440 1. 49 
9 5.2 0.0002 5.920 1. 79 
10 5.9 0.0043 5.980 2.08 
11 5.8 0.0131 6.030 3.12 
12 5.6 0.0149 6.040 15.38 
13 6.3 0.0142 6.020 10.97 
14 6.6 0.0213 5.550 8.37 
15* 6.7 0.0195 1.840 2.46 
16 7.4 0.0259 4.860 5.92 
17 7.6 0.0489 5.560 4.49 
18 7.7 0.0677 5.840 3.58 
19* 7.5 o. 312 2.260 1.44 
20* 7.7 0.0167 0.360 0.26 
* Day 15• lost pump 
* Days 19,20- drainage 
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Total 





















Sodium Hi2ochlorite/ Cianide Hea2 Leach Tests: 
Freeport Pink (-1/4 inch): Test Sb 
Effluent NaOCl Solution Analysis by ICP:/1 
Dj! Al As Cd Cu Fe -¥.rg Ni -ZS- zu:T ""TI""" -w:-7 
4 (8 21 0.41 (2 (1 400 2.2 
7 (8 *11 0.44 (2 1. 9 410 2.0 
10 (8 (8 0.35 (2 5.5 350 *1.4 
13 (8 21 * .13 (2 *l.6 180 (0.7 
results are reported in ug/ml unless otherwise indicated 
(ug/ml• mircograms/ml; g• gram/liter) 
Note: < indicates that the result is less than the given value 
* indicates that the result is near the detection limit 






H ICP• Inductively Coupled Plasma Analysis done by the U.S. Bureau 
of Mines, Reno Research Center 
NaCN started 20 days after NaOCl pretreatment 
(NaCN)• 0.5 g/1 at pH• 10.5 leached for 20 days at 23°C 
NaCN consumption• 0.27 lbs/ton 
NaOH consumption• 0.07 lbs/ton 
NaCN bed volumes• 3.780 2 flowrate• 4.981 gal NaCN/ft "day 
NaCN Au Extraction• 29.17% 
99 
Total Au Extraction• 102.32% % extracted by fire assay• 92.46 ) 
NaCN Au Extraction 
Da! % Extracted Total % Extracted 
1 0.23 0.23 
2 1.60 1.83 
4 22.01 23.84 
7 4.15 27.99 
12 o. 72 28.71 
20 0.46 29.17 
Hypochlorite Heap Leach Tests: 
Freeport Pink (-10 mesh): Test 6b 
Test conditions: 
precyanided ore from Pink Test 2 with a 0.70% Au removal 
column load• 28.0 lbs 
(NaOCl)• 1.0% 
averaged NaOCl head cone.• 0.052 g Cl 2/ml 
leached for 29 days at 10°C 
NaOCl consumption• 157.14 lbs Cl 2/ton 
column surface area• 0.06681 ft2 
ore volume• 0.295 ft3 
NaOCl bed volumes• 13.51 
flowrate• 15.87 gal Na0Cl/ft2 ·day 
Na0Cl Au Extraction• 69.73% 
Na0Cl Effluent Total 
100 
Day pH S Cl/5 ml 11 ters % Au Extracted % Au Extracted 
1 8 .1 o.o 3.780 0.877 0.877 
2* 7.4 0.0 3.680 1.003 1.880 
3* 7.3 0.0 2.520 0.730 2.610 
4 7.3 0.0 2.670 0.805 3.415 
5 7.2 0.0 2.600 0.739 4.154 
6 7 .1 0.0 3.270 0.891 5.045 
7 7 .1 0.0 3.220 0.859 5.904 
8 7.0 0.0 3.200 0.983 6.887 
9 6.9 0.0 4.540 1 . 369 8.256 
10 6.8 0.0 5.000 1. 710 9.966 
11 7.0 0.0 5.900 1.642 11. 608 
12 7.0 0.0 6.120 1.667 13.275 
13 6.6 0.0 5.360 1.585 14.860 
14 6.3 0.0 5.080 2.444 17.304 
15 6.3 0.0046 4.360 3.791 21.095 
16* 6.5 o.o 2.400 1.614 22.709 
17 6.5 0.0043 3.820 3.410 26.119 
18* 6.5 0.0099 3.860 4.274 30.393 
19 6.3 0.0064 3.920 4.068 34.461 
20 6.8 0.0074 3.600 3.715 38. 176 
21 6.9 0.0110 3.440 3.649 41.825 
22 7.4 0.0142 3.960 3.673 45.498 
23 7.3 0.0142 5.820 5.365 50.863 
24 7.3 0.0160 7.680 6.901 57.764 
26 7.7 0.0231 7.600 6.256ii 64.020 
28 7.9 0.0266 8.120 5.225~ 69.245 
- . ?9 8.3 0.0301 0.760 0.489 69.734 
Hypochlorite Heap Leach Tests: 
Freeport Pink (-10 mesh): Test 6b 
* Days 2,3,16• column flooding 
* Day 18• effluent line plugged 
washed with CaO solution at pH• 10.S for 21 days 
CaO bed volumes• 6.62S 
CaO Au extraction• 21.11% 
Total Au Extraction• 90.85% 
Cao Effluent 
Day pH s Cl/S ml 11 ters % Au Extracted 
1 7.8 0.0039 S.340 2.3S3 
2* No Sample Taken 
3* 8.1 o.o 1.120 0.201 
4 8.2 0.0007 2.S40 O.S74 
s 8.2 o.o 3. 280 0 . 894 
6 8.1 0.0 3.200 1.169 
7 8.2 o.o 3.600 1. S23 
8 8.2 0.0 4.060 1.812 
9 8.3 0.0 4.240 1.622 
10 8.2 0.0 4.320 1.603 
12* 8.4 0.0 7.690 2.987 
14* 8.S 0.0 S.260 1.891 
1S 8.1 0.0 2.800 1.1S2 
16 8.4 0.0 2.610 0.968 
17 8.3 0.0 2.320 0.834 
19 8.0 0.0 4.980 1.S30 
21* 0.900 
* Day 2,3,12• column flooding 
* Day 14• lost power 
* Day 21• drainage 
101 
Total 


















Hypochlorite Heap Leaching Tests: 
Freeport Pi nk (- 10 mesh): Test 7b 
Test conditions: 
column load• 28.0 lbs 
(NaOCl) • 3.15% 
averaged NaOCl head cone .• 0 . 149 g Cl 2/ml 
leached for 37 days with 3.15% at 23°C 
NaOCl consumption• 329.865 lbs Cl 2/ton 2 column sur face area• 0 . 08727 ft 
ore volume• 0.298 ft3 
bed volumes• 8.405 
flowrate• 5.80 gal/ft2"day 
3.15% NaOCl Au Extraction• 32.48% 
NaOCl Effluent Total 
Day pH s Cl/5 ml liters % Au Extracted % Au Extracted 
1 6.4 0.0 3. 710 1. 57 1.57 
2 6.5 0 . 0 3.220 1. 36 2.93 
3 6.2 0.0 3.280 1.24 ! .17 
4 6.0 0.0 2.900 1.09 5.26 
5 5.9 0.0 3.790 1.43 6.69 
6 5.4 o.o 3.930 1.66 8.35 
7 6.3 0.0 3.960 2.04 10 . 39 
8 6.0 o.o 3.860 1.28 11.67 
9 5.4 0.0 3.880 1. 46 13. 13 
10* 5.5 0.0 2.080 0.78 13.91 
11 6.3 0.0 1.520 0.57 14.48 
12 5.9 o.o 1.550 0.58 15.06 
13 6.4 0 . 0 1. 540 0.58 15.64 
14 6.2 0.0 1.580 0.60 16.24 
15 5.9 0.0 !:~--- 0.63 16 .87 16 6.5 0.0 0.43 17.30 
17 6.3 0.0 1.210 0.46 17.76 
18 6.1 o.o 1.730 0.65 18.41 
19 6.3 0.0 1.&20 0.61 19 .02 
20 6.4 0.0 1.500 0.57 19.59 
21 6.2 0.0 1.540 0.58 20.17 
22 6.6 0.0 1.360 0.51 20.68 
23 6.3 o.o 1.300 0.49 21.17 
24 6.1 0.0 1.330 0.50 21.67 
25 6.3 o.o 1.430 0.54 22.21 
26- • . 6.4 0.0 1. 440 0.68 22.89 
27 6.1 0.001 1.210 0.85 23.74 
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Hy2ochlo-ri te He'ai Leachins Tests: 
Freeport Pink (-10 mesh): Test 7b 
NaOCl Effluent Total 
Day 2H S Cl/5 ml liters % Au Extracted % Au Extracted 
28 6.5 0.002 1.360 1.08 24.82 
29 6.2 0.003 1.240 0 . 93 25.75 
30 6.0 0.007 1. 400 0 . 87 26.62 
31 6.4 0.004 1.300 0.96 27.58 
32 6.4 0.005 1.390 1.07 28.65 
33 6 .5 0.006 1.160 0.98 29 . 63 
34 6.5 0.006 1.200 0 . 97 30 . 60 
35 6.6 0.007 1.220 0.89 31.49 
36 7.0 0.007 1. 140 0.83 32.32 
37* 7.7 0.005 0.220 0.16 32.48 
* Day 10- flooding 
* Day 37• drainage 
(NaOCl) • 5.25% 
averaged NaOCl head cone. • 0.265 g Cl 2/ml 
lea ched for 13 days at 23°C 
NaOCl consumption• 444.23 lbs Clz!ton 
NaOCl bed volumes• 1.749 
flowra te• 3. 41 gal/ft2 "day 
5.25% NaOCl Au Extraction• 14 . 17% 
Total Au Extraction• 46.65% 
,,,,-· 
------- NaOCl Effluent Total 
Day 2H s Cl/5 ml liters % Au Extracted % Au Extracted 
1 6.6 0.003 0.840 0.64 33.12 
2 6.6 0.007 1.300 0.90 34.02 
3 6.5 0.011 1.290 1.21 35 . 23 
4 6.6 0.010 1.020 0.91 36.14 
5 6.7 0.010 1.140 1.02 37.16 
6 6.5 0.008 1.140 0.98 38.14 
7 6.7 0.010 1.200 0.98 39.12 
8 7.1 0.013 1.340 1. 26 40.38 
9 6.8 0.017 1.320 1.40 41. 78 
10 7.2 0.027 1.340 1.42 43.20 
11 7.5 0.027 1.210 1.43 44.63 
12 7.7 0.035 1.080 1.32 45.95 
13* 7.8 0.035 0.540 0.70 46.65 
* day 13• drainage 
Sodium Hypochlorite Heap Leach Tests: 
Freeport Pink (- 10 mesh): Test 8b 
Test conditions: 
column load• 28.0 lbs 
(NaOCl)• 5.25% 
averaged NaOCl head cone.• 0.2713 g c1 2/ml leached for S2 days at 23°C 
NaOCl consumption• S6S.023 lbs Cl 2/ton 
column surface area• 0.06681 ft2 
ore volume• 0.301 ft3 
bed volumes• 7.771 
flowrate• S.036 gal/ft2 ·day 
Total Au Extraction• 40.31% 
NaOCl Effluent 
Day pH S Cl/S ml liters % Au Extracted 
1 6.S 0.0 0.120 0.0 
2 6.4 0.0 2.260 I. 23 
3 6.7 0.0 1.0S0 0.99 
4 S.9 0.0 2.260 1.35 
s 6.0 o.o 1.760 I.OS 
6* S.6 o.o 1.290 0.70 
7 6.S o.o 0.680 0.41 
8 6.1 0.0 0.940 0.56 
9 S.6 0.0 2.340 1.40 
10 6.0 0.0 2.040 1. 22 
11* 6.2 0.0 1. 220 0.66 
12 S.6 0.0 1.790 0.98 
13 6 . 0 0.0 1.840 1.00 
14 6.0 0.0 1. 760 0.96 
1S S.8 0.0 1.630 0.89 
16 6.0 o.o 1.740 1.04 
17 S.9 0.0 1.600 0.87 
18* 6.0 0.0 1.4S0 0.79 
19 6.3 0.0 1.040 O.S7 
20 6.3 0.0 1.180 0.64 
21 6.1 0.0 1.300 0. 71 
22 6.S 0.0 1.300 0.71 
23 6.1 0.0 1.240 0.68 
24 6.0 0.0 1.320 0.72 
25 6.2 o.o 1. 390 0.76 
26* 6.0 0.0 1.220 0.60 
27 6.2 0.0 0.980 O.S3 
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Sodium Hz2ochlorite Hea2 Leach Tests: 
Freeport Pink (-10 mesh): Test 8b 
NaOCl Effluent Total 
Daz 2H S Cl/5 ml 11 ters % Au Extracted % Au Extracted 
28 6.3 0.0 1.000 0.55 22.57 
29 5.8 0.0 0.890 0.39 22.96 
30 5.9 0.0 0.980 0.65 23.61 
31 6.2 0.0 0.940 0.66 24.27 
32 6.2 0.0 1.020 0.64 24.91 
33 6.2 0.0 0.870 0.57 25.48 
34 6.2 0.0 0.930 0.68 26.16 
35 6.1 0.0 1.045 6.49 26.65 
36 6.4 0.0 1.045 0.49 27.14 
37 5.9 0.0 1.000 0.51 27.65 
38 6.2 0.0 1.100 0.64 28.29 
39 5.9 0.0 1.320 0.81 29.10 
40* 5.9 0.0 1.340 0.76 29.86 
41 5.9 0.0 0.980 0.60 30.46 
42 6.0 0.0 0.920 0.56 31.02 
43 6.1 0.0 0.900 0.51 31.53 
44 6.1 0.0 0.910 0.52 32.05 
45 6.2 0.0 1.020 0.58 32.63 
46 5.5 0.0 1.420 0.87 33.50 
47 5.5 o.o 1. 510 0.92 34.42 
48 6.0 0.001 1.400 1.25 35.67 
49 6.3 0.010 1.280 1. 20 36.87 
so 6.5 0.013 1.210 1.18 38.05 
51 7 .1 0.018 1.240 1.07 39.12 
52* 7.2 0.021 1.220 1.19 40.31 
* Days 6,11,18,26,40• flooding 
.r- - - * Day 52• drainage _______,/ 
"--------------· 
Hypochlorite Heap Leach Tests: 
Freeport Pink (-10 mesh): Test 9b 
Test conditions: 
column load= 28.0 lbs 
(NaOCl)-= 1.0% 
averaged 1% NaOCl head conc. m 0 . 0457 g CI 2/ml 
leached with 1% NaOCl for 15 days at 23°C 
1.0% NaOCl consumption• 21.1 43 lbs CI 2/ton 
col umn sur face area-= 0.06881 ft2 
ore volume 2 0.298 ft3 
1. 0% NaOCl bed volumes• 2.009 
1.0% NaOCl flowrate• 5.452 gal/ft2 0day 
1.0% NaOCl Au Extraction• 2.24% 
NaOCl Effluent 
Day pH g Cl/5 ml Ii ters i. Au E'xtracted 
1 9.3 0.0 0.140 0.0 
2 7.7 0.0 2.500 0.42 
3 7.2 0 . 0 1.660 0.19 
4 6.9 0.0 1. 670 0.19 
5 6.9 0 . 0 1.670 0.28 
6* 6.4 0.0 1.560 0.26 
7 7.2 0.0 1.050 0.12 
8 7.4 o.o 0.660 0.08 
9 6.7 0.0 0.970 0. 11 
10 7.4 0.0 1.180 0.14 
11 7. 3 0.0 1.060 0 . 12 
12 7.0 0.0 0 . 970 0.11 
13 7.3 0.0 1.340 0.16 
14* 7.6 0.0 0.420 0.05 
15* 7.5 0.0 0.110 0.01 
* Day 6• flooding 
* Days 14,15• drainage 
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Hy2ochlorite Heae Leach Tests: 
Freeport Pink (-10 mesh): Test 9b 
Test conditions: 
column load• 28.0 lbs 
(NaOCl) 2 3.0% 
averaged 3.0% NaOCl head cone.• 0.1517 g Cl 2/ml 
leached with 3.0% NaOCl for 22 days at 23°C 
3.0% NaOCl consumption= 89.80 lbs/ton 
3.0% NaOCl bed volumes• 2.230 
3.0% NaOCl flowra te• 3. 624 gal/ft2 "day 
3.0% NaOCl Au Extractiona 5.60% 
NaOCl Effluent Total 
Day pH s Cl/5 ml 11 ters % Au Extracted % Au Extracted 
1 7.3 0.0 0.260 0.03 0.03 
2 7.3 0.0 0.810 0.09 o. 12 
3 7.1 0.0 0.800 0.09 0.21 
4 6.7 0.0 0.770 0.13 o.~4 
5 6.7 o.o o. 780 0.22 o. 6 
6 6.4 0.0 0.870 0.29 0.85 
7 6.8 0.0 0.940 0.31 1.16 
8 6.5 0.0 0.900 0. 30 1.46 
9 6.4 0.0 0.960 0.37 1.82 
10 6.2 0.0 0.960 0.32 2. 15 
11 6.4 0.0 0. 970 0.27 2.42 
12 6.3 0.0 0.880 0.29 2.71 , ______________ 
13 6.5 0.0 0.990 0.27 2.98 
14 6.0 0.0 0.910 0.25 3.23 
15 5.9 o.o 1.100 0 . 40 3.63 
16 6.2 0.0 1.080 0.39 4.02 
17 6.2 0.0 1.160 0.42 4.44 
18 6.2 0.0 0.980 0.36 4.80 
19 6.2 0.0 1.030 0.37 5.17 
20 6.2 0.0 1.045 0.30 5.47 
21* 6.7 0.0 0.500 0.13 5.60 
22* 6.5 o.o 0.120 0.03 5.63 
* Days 21,22• drainage 
Hypochlorite Heap Leach Tests: 






















column load= 28.0 lbs 
(NaOCl) • 5.25% 
averaged 5.25% NaOCl head cone. • 0.2808 g Cl 2/ml 
leached with 5.25% NaOCl for 18 days at 23°C 
5.25% NaOCl consumption• 166.255 lbs Cl 2/ton 
5. 25% NaOCl bed volumes= 2.050 
5.2 5% NaOCl flowrate• 3.848 gal/f t 2 · day 
NaOCl Au Extraction= 9 . 45% 
NaOCl Effluent 
pH s Cl/5 ml liters % Au Extracted 
6.8 o.o 0.260 0.15 
6.3 0.0 0.840 0 . 24 
6.1 0.0 0.990 0. 28 
5.9 o.o 0.820 0 . 37 
5.8 0.0 0.880 0 . 50 
5.9 0.0 0 . 900 0.51 
5.9 0.0 0.900 0.51 
6.2 0.0 0.920 0 . 56 
5.7 0.0 1.180 0.72 
5.7 0 . 0 1.180 o. 72 
6.3 0.0 1. 060 0.65 
5.8 0.0 1.040 0.68 
5.5 0.0 1.040 0.76 
5.7 0.0 1.040 0.60 
6.1 0.0 1.090 0.63 
6.3 o.o 1.160 0.61 
6.4 0.0 1.140 0.55 
6.5 0.0 0.860 0.41 
* Days 17,18• drainage 
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Sodium Hypochlorite Heap Leach Tests: 
Carlin Black (-1/4 inch): Test le 
Test conditions : 
column load• 25.49 lbs 
(NaOCl)= 1.0% 
averaged NaOCl head cone.= 0.0549 g Cl/ml 
leached for 20 days at 23°C 
NaOCl consumption• 145.459 lbs Cl 2/ton 
column surface area= 0.08727 ft 2 
ore volume= 0.298 ft 3 
bed volumes• 10.861 
flowrate= 15.08 gal/ft2 'day 
109 
NaOCl Au Extraction• 50.09% ( % extracted by fire assay= 82.48) 
NaOCl Effluent Total 
Day pH g Cl/5 ml 1 i ters % Au Extracted % Au Extracted 
1 6.6 0.0 2.840 0.54 ; 0.54 
2 6.6 0.0 4.680 1. 30 1.84 
3 6.5 0.0 4.830 1. 35 3. 19 
4 6.0 0 . 0 4.780 1. 33 4.52 
5 6.0 0.0 4.750 1. 40 5.92 
6 5.7 0.0 4.815 0.92 6.84 
7 6.6 0 . 0 4.900 0.94 7.78 
8 6.1 0.0 4.800 0.92 8.70 
9 5.8 0.0 4.980 0 . 95 9.65 
10 6.2 0.0 4.920 0.94 10 . 59 
11 5.9 0.0 5.020 0.96 11. 55 
12 5.5 0.0 4.960 0.95 12.50 
13 5.8 0.0 5.180 1. 44 13.94 
14 5.5 0.0 5.060 2.30 16.24 
15 5.5 0.0032 5.100 2. 77 19.01 
16 6.0 0.0060 5.260 9.80 28.81 
17 6.4 0.0106 5.240 8.84 37.65 
18 6.7 0.0099 5.400 7.68 45.33 
19* 6.9 0.0096 3.990 4.63 49.96 
20* 7.8 0.0062 0.140 0. 13 50.09 
* Days 19,20- drainage 
Sodium Hypochlorite Heap Leach Tests: 
Carlin Black (-1/4 inch): Test 2c 
Test conditions: 
column load• 25.49 lbs 
(NaOCl)• 3.15% 
averaged NaOCl head cone.• 0.1568 g Cl 2/ton 
leached f or 10 days at 23°C 
NaOCl consumption• 242.09 lbs Cl 2/ton 
column surface area• 0.08727 ft 2 
ore vo l ume• 0.291 ft 3 
bed volumes• 6.971 
flowrate • 19.797 gal/ft2·day 
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NaOCl Au Extraction• 85.80% (% extracted by fire assay= 85.91) 
NaOCl Effluent Total 
Day pH s Cl/5 ml 11 ters % Au Extracted % Au Extracted 
l* 6.5 0.0145 3.600 ----- ,, 
2 5.7 0.0007 5.150 3.92 3. 92 
3 5.7 0.0039 6.600 15.20 19.12 
4 5.8 0. 0071 6. 560 8.18 27.30 
5 6.0 0.0163 6.780 9.05 36.35 
6 5.7 0.0191 6.900 21.36 57. 71 
7 8.0 0.0485 6.880 11.00 68.71 
8 8.3 0.0733 6.630 7.69 76.40 
9 8.1 0.0918 6.820 7.91 84.31 
10* 8.6 0.0900 1.520 1.49 85.80 
* Day l• column effluent line plugged, entire column filled 
* Day 10• drainage 
Sodium Hypochlorite Heap Leach Tests: 
Carlin Black (-1/4 inch): Test 3c 
Test conditions: 
column load= 23.80 lbs 
(NaOCl)= 5.25% 
averaged NaOCl head cone.= 0.2785 g Cl 2/ml 
leached f or 11 days at 23°C 
NaOCl consumption= 362 . 142 lbs Cl 2/ton 
column surf ace area"' 0 . 06681 ft 2 
ore vo l ume• 0.267 ft 3 
bed volumesm 5.00 
flowrate= 19.184 gal/ft2 'day 
111 
NaOCl Au Extraction• 82.82% (% extracted by fire assay= 85 . 67) 
NaOCl Effluent Total 
Day pH s Cl/5 ml 11 ters % Au Extracted % Au Extracted 
l 6.5 0.0 1.780 0. 70 0. 70 
2 6.0 0.0 3.680 3.87 4. 57 
3 5.9 0.0103 5.260 7.52 12.09 
4 5.4 0.0085 5.000 10.45 22.54 
5 5.7 0.0142 4.92 8.43 30.97 
6 5.4 0.0181 5.040 10.06 41.03 
7 6.7 0.0209 5.190 22.59 63.62 
8* 6.6 0.0149 1.980 7.50 71. 12 
9 6.6 0.0223 2.480 6 . 59 77. 71 
10 7.4 0.2690 1.860 3.89 81.60 
11* 7.2 0.0191 0.680 1. 22 82.82 
* Day 8a flooding 
* Day 11• drainage 
Sodium Hy2ochlorite Hea2 Leach Tes ts: 
Carlin Black (-1/4 inch): Test 3c 
Effluent NaOCl Solution Analysis by ICP:11 
Day Al As Cd Cu Fe Ni 
1 <a" * .17 <I 2.0g s."3 
3 <8 <8 *.17 <2 *2.9 280 2.1 
5 <8 <8 * .1 2 <2 *2.5 280 2.0 
7 <8 <8 <0.l <2 < 1 120 <. 7 
9 <8 <8 * .13 <2 < 1 100 <.7 
11 <8 <8 *.13 <2 < 1 77 <. 7 
results are reported in ug/ml unless otherwise indicated 








Note: < indicates that the result is less than the given value 
* indicates that the result is near the detection limit and 
must be interp r eted accordingly 
8 ICP• Induc t ively Coupled Plasma Analysis done by the U.S. Bureau 
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